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Virus virions defective in F gene are successfully collected by using a Sendai virus genomic cDNA with deletion of F gene. Further, 
infectious viral particles defective in F gene are successfully constructed by using F-expression cells as helper cells. Also, virus virions 
defective in F gene and HN gene are successfully collected by using a virus genomic cDNA with deletion of both of F gene and HN gene. 
Further, infectious viral particles defective in F gene and HN gene are successfully produced by using F- and HN-expression cells as helper 
cells. A virus being defective in F gene and HN gene and having F protein is constructed by using F-expression cells as helper cells. 
Further, a VSV-G pseudo type virus is successfully constructed by using VSV-G-expression cells. Techniques for constructing these 
defective viruses contribute to the development of vectors of Paramyxoviridae usable in gene therapy. 
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mmm 

o £ ft *-fck *A«l««fcV«f»«3H(Ci»||R*J*»)> ^ 

"I" -5 (Lamb, R. A. & Kolakofsky.D. , Paramyxoviridae: the viruses and their 
replication, in Fields Virology, 3rd edn, (Edited by B.N. Fields, D.M. Knipe 
& P.P Howley) pp.ll77-1204(Philadelphia, Lippincott-Raven. (1996)) 0 Zti 

RNA£ l * £ SBSItB* * * U itfe^^ffl ^ £ * - 1 L 

t0ll^r>->t'Jf^^$^§ (Roberts, A. & Rose, J.,K., Virology 
247,1-6 (1998); Rose, J., Proc. Natl. Acad. Sci. USA 94, 14998-15000 (1996); 
Palese, P. et. al., Proc. Natl. Acad. Sci. USA 93, 11354-11358 ( 1996) ) 0 
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;u*^7 -a^t,>o 

)l 7s ©RNA^ J A * 7 > y y A * (3 'J >A'?ff«£& ( 

ribonucleoprotein complex; RNP) ©ff^T'^SU 7*7 XilRNA^ ;i/7lc jl^ft 
Set a &NiRNAs#ffiffiW£&©4V ARNA£;W 7*>J **-f X LT^7 AORNP'n© 

7*>7v*mm?zt\,^fc7>r*>z(DmmififtifiggtiL^o zti^o^ 

(nsRNA) ^7-l';U7M^ifflflS0*ffliaMT'©^li^L, DNA7 x-X£8fc&^fc 
fe^feft^©^^ (integration)ttjgc: e>&^ 0 Ml3iiRNA|S|±©*B|S|to& 

x. * Rg> e> nt v * & t^o c n e> ©ttftat v * 7 iirna^ -r ;i/7 ©ste^si^ 7 

Kmmh&^-tiT 4 rffiWh^J )lX<DfpZ'<b-ky?'( 04 frZ (Sendai 
virus; SeV) CSIbttfe, SeVtt##ttS!T-f ;*-7g| RNA>?^7T\ * 
7 VM;i/ 7 (paramyxovirus) Clb, murine parainfluenza virus©— llT-fe 
S o d © £ -f ; V 7 1 £ ~ o © x > ^ D - 7M ^ > 7 W T* & § ^ V y ; 1/ - > - 7 
■5^— tf (hemagglutinin-neuraminidase; HN) J:7a-i/3>^>;^f ( 
fusion protein; F) £tf UTl&ilffliaiKKgat J$Sl!££jgc U 
©RNA^;^--b?^y#7 7L/*7D:rl' > (RNP) W.£fc(DBX~&&t £RNA 
^7 A fat} U ^C-e-i7^;i/7s©iRNA©|E^ST>"^7 A©^®J£fr 5 

(Bitzer, M. et al., J. Virol. 71 (7); 5481-5486, 1997) 0 -)^Wx>^d- 
7gSMF(±rStt©^^luiE^e (F 0 ) £ LX&m$tL, b V 7><>lz > 
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JitWftffl (proteolytic cleavage) X Fl t F2 KjBSSft (Kido, H. etal., 
Biopolymers (Peptide Science) 51(l):79-86, 1999), ffiZmm&Mtte tmffli 

fc, 7^a«tt (Z strain) &#8S£flT£tK a*Rl&£T?&3tfott»fc;k*L 
tttfeiiH^-eiO^'pfu/ml^Ooii^^^^^-^^to SMiALfc^tf 

^ © J: a , t ^ ^- * ilRNA C -< «5tfe^* A^ * * - £ U T ^ < ©*iJ£ £ 

ffi^n^^$^©s^^^^-£M^-r^c^^M^ni»o zwtz&izit, s 
£s© )i 7s m^m * km $ tz xmrn <y ■< >v * z xm^mt z &m&>&m x 

Ltz^t $ -(ommtztzmyiLxutz^e 

Ztz®, SeV©Fi|£^£^yA±fr GFPjl£^£l/# 

-^-tLxmxbtzcMA^m^x^yy^^^ )i7(D¥m&^Mtzmm^ 
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>7#-\&. WftiggLtz? v Y(DWt&HW&. primitive^ b 

£ £ (I ^ & s F3t£? ^HNSfi?©^ £ it £SeV^£ # — cDNA 
K # A I" 5 C (3 J: o T , HN£ 6 ft & X* t SeV^ * * - ^ftsir § d t £ 

o 

&Agmmtei L zmmrmz^x%7£izmmtzmft^hx^2 ) (Yu, 

D. et al. Genes cells 2, 457-466 (1997)) 0 Z.(D~?J j-XWMhtyj )17> b7°D 

3>H^i:b^^-it mzmnxsXu&xi/Tj ?m (positive- 
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strand) RNA^ ;bXT-&S-fe A >J )IZ (Semi iki forest virus) £tz 

fi*>> Kt'^->-r;ux (Sindbis viruses) ©U7*U =J>£^— Z\Z Ufe'^l'^ 

ctS«A3t^©+J-^XSfc(i^^^-^>^©^f4 (flexibility) 

kitHf40primitive«tz%#A^n53 ^^fitEb■rv^SC: ^:^?>^ 

( 1 ) (a)/^ ^ v^l«>^;ux© / >^< i:t-o(Dx>^D-r^>y^f§ 

, (b) g (-) m-*mtiktm'&tz9>jitns *e>*sa^ff*$ 

(2) (-) i-*iRNAtfNP^>/^I> P^W^fts 
•5x (1) CIBi©^^^- 

(3) (-) l|-*flRNA^^>^t^^J;-5{3K^^nfex>^D-7'^>7^ 
ff©'i>&< fc*-o*^tr % (1) (2) fUBfs®^*-, 
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(4) VSV-G* W^H££tf, (1) (3) <DUtM\Z%?M<D^>7t-s 

(5) (-) M-*Mmkifi-b>n 04 )lMZ&&t%. (I) frt> (4) <DUt 

(6) (-) li-*IIRNA^^^iZ^*ite^^^-h"bTV^x (1) (5) 

(7) (i) (6) ©^rnfrctB«©^**-£^£*i-s (-)i-*w 

(8) (1) (6) ©^-rn^(C|B«©^^^-©^3i^^T^o-r, 

(9) (1) frfc (6) ©^-rn^(^I3«©^^^-©i!ji^T-$>o-t, 

(a) s. ^vf^-f^ ;*©'>&< fcffe— o©ac>^p-7°^>;^K^^ 

(b) MKJgiiu ^©^#±?i^^^^;u^»^iiiiK-rsxfi, 

(10) if (b) ici'^SWO^II^ x>^n-7-^>/^M^^t?> 
mmt<D&tgm-Z&2>, (8) (9) fc8B«©#tfc> 

(1 1) xg (b) {;^^SW©^«(3*^Tv KMJBtc. x>^p-7-^> 

^^ft*«a-r5«Ma&fiJiL"r««*fT^, (8) &tz\* o) cib*©£8u 

(12) mUi^%Mt^^y^-u-r^y^^WPtsi< tt> lo^ MI3 (- 
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i~o>tm--e&z>, (8) frt> (i i) (D^-?tifriztm®i5&, 
^ffT-&£, (8) *>e> (12) ©urftfrf;:i3iE©£iiu tcM-rso 
to * j w >r - v y y t tz t> 4 )i * n & m 1 0 

£tz, >^KZVt>4 fr^ft^J )\s^<D l"NP^ M, F, HN, ££tfLit£^j 

l^^D^-f ;UXJI N P/C/V M F HN - L 
^■T^^-T^JS N P/V M F HN (SH) L 
^-tU^^f^I N P/C/V M F H - L 
#I;L(2^7 5. £ v (Paramyxoviridae) © b £ o ( 

Respirovirus) tc^^ti^-b y*T4 ^^©gitfi^Oig^ra©^-*^ 
-*©T^-tr ^>a >#^(is Mfi^o^Tte: M29343, M30202, M30203, 
M30204, M51331, M55565, M69046, X172^ mBlr\Z-D^X\t M30202, M30203, 
M30204, M55565, M69046, X00583, X17007, X17008, MjIfc^lZOOTfi D11446, 
K02742, M30202, M30203, M30204, M69046, U31956, X00584, X53056 N mittlz 
ootfi D00152, D11446, D17334, D17335, M30202, M30203, M30204, M69046, 
X00152, X02131, MfE^do^Tfi D26475, M12397, M30202, M30203, M30204, 
M69046, X00586, X02808, X5613K Ljtfi^CO^T fi D00053, M30202, M30203, 
M30204, M69040, X00587, X58886S#M©C ho 
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>A?Wfrt>teZW.&fo (VX?? RNP) £^A,T»^So RNP£ 

^£ft3RNAii^^y^;i^©yyA-?!fc£ (-) H (^*r-f7i) ©- 
*»AT"*)D> ^V^^Mii^cDRNAC^fr^fr^MLT^So #£BJ3 
©n^ ^ ^ vmo-< ll^^W-te, (a);<7 ^ £V*4-W;i/*©'J>&< 

o©x>^d-7'^ w^K££ggib&^cfc9ti&'££ft£^7 ^ ^vM;i/3. 

{3S*ti> (-) fI-*ij|RNA, ££rj< ( b ) m (-) tI-*StRNAhiig£ 

t&£tz>$>^znt\±, m (-) ii-*WAi:ii^j;i>7Sfeiir^^^ 

*U & (-) li-*WAi:^#:^ffM ; r§^>^^«©c:i:^gao 
, /^^V^^X© (-) II-^tlRNA ($VARHA) fctt, NP^W^M, P 
*>/^g N ^cfctfL* W^M#Jig£-bT^.5o .I©RNPt;:^£ft3RNA#'W;i/ 
J IiCD&^jo&VmgkDfzlsbCDmmttjiZ (Lamb, R.A., andD. Kolakofsky, 
1996, Paramyxoviridae : The viruses and their replication, pp. 1177-1204. Id 
Fields Virology, 3rd edn. Fields, B. N., D. M. Knipe, and P. M. Howley et 
al. (ed.), Raven Press, New York, N. Y.) 0 *%W<Dfc&fo\Z.\$^ ^**y 
*-f;i/ m -*0IRNA43 «t V * ft iz t Z> * 5 ^ * V £ >T ;i/ * 

^^v^-oi/*© (-) fB-#f«m£c:fts>©*>/^ff (np s p, 43«t7jL 
* > m * M) ifim& b feRNP & ^ tf & © T- £ 3 o -ttt x m 7 > * v £ -f ;u ^ ©RNP 
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mm^r-m^it (rnp) iz^£hzmk%mmtzmti*£tz>t)<D-(:&z> 0 

£f;i/*^#-#© (-) II-*WA(i, ft^fticii, NP^w^K, 

-te>y.f H7-f (Sendai virus; SeV) ©i§n\ ^ffl^MC^VAW 
Xteiftl5,000JIgT\ *#7^:7iJi& ^©M^U-^'-^^tC^^, NP(*^b 
^dr^7-i/ K), P H(7h'J F (7a-i^3», HN (^v^ 

©?*> f, HNv MM£?©5*>^-fft#\ ©»££>#£ 

tb, NP, P, £cfctfL* W^K©#fiT-e£©^V ARM (*^7^70li;£fi* 
#7^ ^)^fe¥^#i)3i:(3ct ti^^ORNP^MI-^C^^T-^SoRNP 
©JM2> mZ&LLC-MZMm-kb'Z'fitDltZZttfT'gZo NP, P, &J;7JL*> 

Qfitotimz mmm^m)o ^Mi^it^mmcDm^mzm^^tix 

i^Tfc<fc^o W?ZBm£-£Ztztblz&M£-£% NP, P, £ £t>"Uifc?tt, ^ 
#-©yyAt3=i-K£ti£ NP, P, £«fcrjL«£?^£ii|iU-T&S£>g&& 

1^0 ttzt>%, z\ht>(Dmfc?&o- h'tzm&wcDT * ;&mm±, rnp^va 
#u-K-r -s^w^m©^ ^^varm^is^l 

, «l*n:-RNP©iIK*T ?*St££#o|5S^ ii$#AU;D, ^S^M©* 
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mm^x^9 9 -zmmmmtzmiz^y^u-?? >^9m*mmiz%m.£ 

•£ft« N Z(bx.>^u-79>^9%i$t><< ^>^< 
d - 79 > *9 Mlz J: S mm®. t £> t> A )VX i 9 9 - & Sit 5 ^ t 1fit 
C©£?&^*-ii, -MIS{3«-T5i:, MrtT'RNP£ii®£-tt-a 

o&^>^u-79>^9n*&^^4 *X*ng.£MtZ>Z£&Z'%te^o Z 

7* (I W f £ •> 4 ; U * ^ * * - £ $ ft 5 o HN * y )\ 9 % £ ft tz t F 9 > / ^ K © 
flftt«t6^*-£LT*iJffl£ftf#-5o £©£?£, (-) 8-*«RHA£ 

£fc^ (-) II-*0IRNA(I*5V^T^Jlt^^cfcd(3«^ftfex>^D-7°^ 
S-fr^fcfcRTtre&So z®&5t&^>^u-79>^9%\z®\zmWi£-b^ 
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* (vsv) ©g^w^i (vsv-g) &m\fzz.tifi-ci*&o Kmm^^tvm 

<yj kx^w-iz. vsv-g*w^ on, yyA^^tS')^^ 

^;wN°-«T-#g3i£«^*-DNA{i, #M©^#-t;:^£ti3 (-) 

5o^Jx.(t (-)ll-*HRNA^fc(i^©ffiffi^^=i-Kt-5DNA^T7rP^-^ 
-©T^fC»ii££-fe!\ T7RNA#U^~ fe*(Zj;!9RNA(3^^#^ 0 ^*-DNA 

J&ft^i|g^£-e-5i£lfi> <M ymr-bZii'^j 7MT-&&\,^ 

®2Ly^u-7m&?0t>^?n*%mtz>mmzmfe$ti-r, f,hn 
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—7$ >JV?Wt bx, K V vftVJ frZCDx-y^u-y"? ysitmx&tt 
^x>-<d-7* w^K (Mz.&> VSV-G* tb°smx& 

m z. \i, Ym^tm^mz m& £ n zm^xmmtzzt&xzzo 
tmm^ti^tezis. fa^Aifct)> frz^moiyj jizvmmmfc 

«(3S^*AtT^#-r septet ^B^©^^^-^^i-r^c^^T- 

££o (a) ^7^y*4'W ;i/*©'J>&< k*— o©x>^d-t' 

^>M^I^lUmaC3(l^f;^7 ^^V^^;U^(3ft3t5-r^ (-) 

i-*iiA ( £j;r_m (-) ii-#MA^i§nr3*>^f^ a>e>&£jii§r 

x>^d-^ >/^I^lt5«l:#At5ig, £<fctf (b) m 

WKO Y7>X7 ^Zi/3yMMtmmx%Z>o MZ.\Z, DOTMA (BoehringerK 
Superfect (QIAGEN #301305), D0TAP, DOPE, DOSPER (Boehringer #1811169) & 
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(Calos, M.P., 1983, Proc. Natl. Acad. Sci. USA 80: 3015) o 

mt % mm* mmt s ism twmx- & % 0 

fc, m*-lZ, WWcifL^^J:^^ u#>h\ 

-r » * ^ * * —wk\z nm. t & % m&(D *m xt % . t> * * * ^ * * 

GtZmm*m\t2>Z t&m$. Lt^ (Journal of Virology, Vol.67, No.8, 
1993, p.4822-4830) o JteJatfe^fcJU (NP, P, M, F n HN, * 

•fctflUSe^F) <Dm£tcl*'&5lzW XtZZttfXZZ (fUfc09#M)o iiu&M 
fi^OJBSRitt^&^Ji^Klf «fc^ ft^fi^attSfcttftSKjO E-I-S 
SE?'J (fe^MJ&S9!l-^«£E5y-<K5IHSiWi) £fcl±*©S#£» AtSo $ 
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( - ) IJjRNA©3' C 3E ^ « £ (if £S * -f ;U * © $V A ±©»eT- ES * 

A"f 3 c £#£?£L^o iiA&g#*#x -f ^RNA©5'^(c®^(5i: (»' 
tt* # x f 7iOi * 5' fflU f & *> MM * y j A iz i±L«£^ © 

rm (*#t^ ^ac^riiLae^cs' ££fiut£^©±^ (* 

ZfitZ, ut>® n--y?vj b£LXb£\^o XmmcD^t*- 

c: © <fc a tn? a Lfcfii^K:ffiaifc:flii<o^*aie^ ur wc * «t^ 0 

ft%Mfc?Z%tZMmZ*>y'('y4)lZ^>7$-&, Kato, A. et 

al., 1997, EMB0 J. 16: 578-587£7JYu, D. etal., 1997, Genes Cells 2: 457-466 

, 25ng///lW±©MT:-mM»W(3#-©7-7X^ KfcfllB"? 

HJf A-rs«^*Wti:o-ClftW1"So Btt£tScDNAE£ffi3»J0i£KNotIBiB 



WO 00/70070 



PCT/JPOO/03195 



- 15- 

(e), irftmn (i) Rv^m^m^i (s) (ei smn) (Dnv-zmot 
vm^mtumn (s) tmm^cD-^cDmn^tsy^^^-Mtvx, 7 

o 

7*9- Kfll^fi&DNAEfllfc^ KotUZ&ZWm*&mtZ>tzlsb£. 
£ffit©2Jil±©7 7l/;*^ K (£?£b<!iGCG, GCC©NotIglB8Bffi&#©ffi#l 
#^£ft&l^4£S, Mt;*?£b<(iACTT) ^©3' WcNotllgiTOji 

gcggccgcfcttSn U * 6 H*©3' flta^-tf-Eaifc bTffi&© 9 
9 (3 6 ©ffiHR^*fc»©ES£ttiOU £ t>H*©3'ffi|{imS©cDNA©gl5&3 

©MiiG g tz (iC £ «fc a (3 ^m^©cDNA7> 5 ^25^S &«|?LT7*»7-K 
fil-^* U =3 DNA©3' ©**£•***£*: jM?*U>o 

U ^*-7fi!i^J5£DNAiH^J(i5' » Affile© 2 U±©7 7 h* b < l£ 

GCG, GCC©NotIfgi§mi£*©E^J#^£ft&^4^ * b < liACTT) 

*©3*fiitiNotIg|«SiPfflgcggccgc*ftftIbs <*£fc*©3'fflfc:g££ 
mffitZ>tz&b(DWAmfr(D*i)3MA%ttmt2>o Z<D**)3mh<DMZ\t, NotI 

giBSPffigcggccgcfc^ cDNA©«M«l«*EWi:«Jfif S-b>^ 9-r;u7{; 
ft#-r*-fe>*W >W;i/;*$VA©E I Si£SK?iJ©i§rtt#6©fg&K&SJ;a 
fcESSfctftfrf 6 (ofc*9>3 r6©;i/-;i/ (rule of six)j ; Kolakofski, D. et 
al„ J. Virol. 72:891-899, 1998) Q £ ZtzftXmfrWmt-k >frj 7^ 
<OSWM(OmmWMs ft& b < &5' -CTTTCACCCT-3\ I E^IK $f^b<ii5'- 
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AAG-3' , E %m®mmmL ft t L < (±5' -TTTTTCTTACTACGG-3' n $ h C * ©3' 

Jgg#G i; fctt C £ S J: -5 £g£ bT E5>J*ftJD U U A-*{i(iJl§r$* 
■J=fDNA©3'©*ig£1-3o 

PCRBu ExTaq* U^^-Hf (SIS) £fflt>SMS©£&£ffl^S £ 

fc#"T?£So IXIiVenttflM^-- h? (NEB) fcffltvCfrl^ lf*itfc@6tl®f 
#ttNotI"C$SfbUfc^ K^*-pBluescript©NotiaH4fcifA-f So 

f# n fcPCRMt/ © J§S@E?'J £ 2/ - £ J- > -9- - "C KB t , IE L V * BH^U © 7*7 X ^ K 

^M^-r-Sc ;iz)77^; K*»e>»A»f>i-&Hoti-ewDaiu, ^^p-rate 

-S^ AcDNA£^t?77* =; KCNotlSftC^D £fc 
77 ;U h'^^^-pBluescript^^-^-rtNotlMtii^Jf AUIMt>^ 
^ ;i/XcDNA£f# 5 Z t & qJf£T-& 5 0 

-<;i^©L, Ps NP* Wi*fl£<fctK RNP£Hfl§g£2-fef\ d©RNP£^t?^-f ^7. 

^^^-^^^•B-sc:i:* $ T*t-5o^'r>'i/^^^^-DNA^^©'i7-r;u^©S« 

a^fc^tSS (ffll$g&^97/16539-5§; @I^SM97/16538^; Durbin, A.P. et 
al., 1997, Virology 235: 323-332; Whelan, S.P. etal., 1995, Proc. Natl. Acad. 
Sci. USA 92: 8388-8392; Schnell. M.J. et al., 1994, EMBO J. 13: 4195-4203; 
Radecke, F. et al., 1995, EMBO J. 14: 5773-5784; Lawson, N.D. et al., Proc. 
Natl. Acad. Sci. USA 92: 4477-4481; Garcin, D. et al., 1995, EMBO J. 14: 
6087-6094; Kato, A. et al., 1996, Genes Cells 1: 569-579; Baron, M.D. and 
Barrett, T., 1997, J. Virol. 71: 1265-1271; Bridgen, A. and Elliott, R.M., 
1996, Proc. Natl. Acad. Sci. USA 93: 15400-15404) o <M;i/*^*-DNAK 
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So 

M #m d iito -5 «fc o &DNAM#j & « ^r»x © i t j: o ^ * tea 

(D^LTi;*, a^©h7>^7x^S/3>UHASfiJffl-e#5o Mz-tt, DOTMA 
(Boehringer), Superfect (QIAGEN #301305), D0TAP, DOPE, D0SPER (Boehringer 
#1811169) taZ&mit>Mo ®£LT\±ffl?L\3V>miifri"yk*m^tzY7 

>^7i^a >mipmfft>ti. z. <Dxmz z^xmi&totx^tzmMtn&tm 

lZW.*)&&tlZ>W, mfaiZb+frtem<DWk&X2>Zt&%\t>tlX^%> (Graham, 
F.L. and Van Der Eb, J., 1973, Virology 52: 456; Wigler, M. and Silverstein, 
S., 1977, Cell 11: 223)o Chen^^VOkayamafi h y >X7 r— ftfB©«aib* 
Ml, 1) fllft&£ttJStt<Z><f >^a^-S/a>*ft* 2-4% C0 2 , 35°C, 15 
~24^F^, 2) DNAIiiil^J; t>3M*©fc©#T5f4#E<N 3) i*ISS**©DNA* 
g# 20~30//g/ral©i:^Sii^«* J f#^ti5^^SLT^§ (Chen, C. and 
Okayama, H., 1987, Mol. Cell. Biol. 7: 2745) Q @©#3cB\ -»W4b7> 
^7i^'>3>tai/T05o *<l±DEAE-x^r^ h7> (Sigma #D-9885 M.W. 5 

xio 5 ) mm^mmmMmmitxmmu h^>*7^$/ 3 >£fT-5£&#*n 

htiX^Zo &£&©£< ttx> K V-A©*T'#fi?£ftT Ll:-5fc#>> ®Jfl£ 
iS&3£&tl^nn*>£;!jn;lS.l£&T-£S (Calos, M.P., 1983, Proc. Natl. 
Acad. Sci. USA 80: 3015) o ®©£Stt«ft£?L8si:llf «*lS£8rC, IH1&SJR 
^^^^^^^©^©©^(iJt^Tmffl^Wv^ ^$li^;i/7ii80j| 
ScUf!^ rt)\,XWU MR (tmffl<D**y7* SEE) ©8^ ^s»7 7-Oi 
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iiX±s 3 o © -h =r 3 U -© * T-(D© £ i£ (ilifE #tS{£T" ^S©M £ ffi <^ T ^ 

>l$^#jl Ltl^o ^(Cli Superfect Transfection Ragent (QIAGEN, Cat No. 
301305 K DOSPER Liposomal Transfection Reagent (Boehringer Mannheim, 

Cat No. 1811169) #fflo£>ft£o 

cDNAfr tbvmffimtmfomztett.® &oiz u-rtf a z. t § £<, 

245^^^ 6ft&g©7*7;*?-y£7 , l/- h ^fciilOOmm^ h »J m±TM0%<?:> 
^MtS(FCS)4oJ:t>*JrC^tlS (100 units/ml ^—i/ U ^G^mOO/zg/ml X h 
Jt^tsWi'P'BWZW. (MEM)^ffl^T^;i/WliiS*«mLC-MK2 
^70~80%3>7;i/x> h(z^^>^Ttg#t> ^JxJf l^g/ml psoralen (7^ b 

» wmMtm-ztmwm-e^mfc tfe^ T7* ^ ?-M*%mtz>m.Wk 

£9 t7i/-T04 ;i/7vTF7-3 (Fuerst, T.R. etal., Proc. Natl. Acad. Sci. USA 
83: 8122-8126,1986, Kato, A. etal., Genes Cells 1: 569-579, 1996) £2 PFU/ 

«1B$F^ 2~60//g, £ U<(i3~5 > ug©±l3©M;i-te>^ 

•W^cDNA^ ±^-fe>^w ^-r;M^;A©4i(;« h^>^(c^ffl1- 

S^^T^W^fr^Si-f 37-77$; b* (24-0.5xzg©pGEM-N, 12-0.25>ag 
©pGEM-P. 43<tt>"24-0.5yag©pGEM-U £ D $? £ L < &l,ug©pGEM-N N 0.5//g© 
pGEM-Pv £J;7Jl,ug©pGEM-L) (Kato, A. etal., Genes Cells l: 569-579,1996 
) ££KSuperfect (QIAGEN&) U #7 3 >&^£ct D F7>77 

<DV7 7>\fi/> (Sigma) h->>77 MJ is K (AraC), i!5$f^b<(i 

40,ug/ml©^ h ^>>T-7 tfy h* (AraC) (Sigma) ©^fc^tfM^ ^©MEMtrtg 

S*M3£5K3£#J©«Mg£l££t3(Kato, A. etal., 1996, Genes Cells 
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1: 569-579) 0 h v >7 7 x 7 3 >*>&48~72l$HlgftJS*ft, ffl££l§JRU 
SLLC-MK2SBISt h 7 >7 7 x 7 v a > LTJg#f 5 0 «# 3 ~ 7 B^tCtgH^^ 
H^^tSLLC-MK2«{3 ^>77x7i>3>-f ^K^fcli^^D-T^ 

LLC-MK2M (; MM b T "T 3 3 ^ (z J; o T 7 ^ ;i/7 ^ 7 * - £ ifH t S Z. £ 

£$J£lT3^(i£»5&£ir£^#T-£3o HAfi rendo-point (Kato, 
A. et al., 1996, Genes Cells 1: 569-579) (ci Z>Z\ £&-?%%<> 

^m-km* (pbs) tet-rm&%%iLx*m®ttz>zttis-(:gz 0 *mmmm 

&^ 0 fllx.£> -fe>*W ^;i/7^7*-©#Pj?)cfi:fcuT&, -9-;uWSi*©CV-I 
«-£LLC-MK2*fflR /NA7^-Wfi*©BHK«^if©^*m^^a d £l#T- 

££ 0 ^n^©ajist®^^x>^o-7 , ^>^7M^^^-a-§c^T\ -e© 

>n )\>^9$-*nz>tzmz s m?ut*>'<u-7'mfc?*%mtZ'< 
? 7 - 1 & t z ± 13 © m i n h n tz u 4 ) u 7 ^ 7 * - & ^ * n gp ( z mm $ -a- s 
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htz h v > 7s v x - * o mm ^x t> 4 iiz^t $ -*%.m t % z t 
a^j , *r, P p.i53-i72)o iftwtit %mwz%mmizx 

*i9M2BB8 37-38 0 CT*ig«U ffi£j&R£-£*o x>^n-:7# ynt%l£% 

x.-t>^^ t>4)\<7,\z& *)Ufo*)%z> 0 t-oizz^/vizmmmzMM 

ZttfX'ZZ (fflftKA, r ^^^ii7Dhn-^j ,7i<# N ESSE*,** 
*Mia-tt, pp.68-73,(1995)) 0 

x>^D-7-it^^$^a tTv^^^-r Jt^yy aim x#>h 
n h © tf 4 )vx itmm^x^m ti#mm®m& tmmx &zztirt>s ^mt 
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(ex vivo) m$\Z£Z>&fc : ?%m,<D^?tl®fi&fc£.-oXt>, SUHtt^ 

fcii^-f ;i/^®fiiM*3-Hf sae^^ffl^nfix cn4»%ic«!4i-sii: 
mtzzt&xgZo 

*fci/rfc^ mmmt&s ztzteKMMtezvtmu^mm (apo 

fc?t LXlt, mtiiM Muc-1 Sfctt Muc-ltiA^>* >rA U h^T-f- h* ( 
#H1$fFff§ 5,744,144-t), — v gplOOiafCft if^tf £*l£ 0 £©£?& 

u^tw^So zoj^&fl^fcu-tfc^ mm 0 iL-2fc-*«iL-i2 h 

©Iffl^^iD* (Proc. Natl. Acad. Sci. USA 96 (15): 8591-8596, 1999), ii) 
IL-2^>*-7xD>-r (KBttfMB 5,798,100^), iii) #3Stffl^e,ns 
»3D--»@? (GM-CSF), iv)ffw««£^M#^bfc GM-CSF h IL-4 
©ffi^^t)* (J- Neurosurgery 90 (6), 1115-1124 (1999)) 



>^D-7\ 0«^{Z*V>T(is mm =7 (Vaccine, vol. 17, 
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No. 15-16,1869-1882 (1999)), x^XC^^tlt fliRfcfHIV gag£fcfi SIVgag 
rj)\°m (J. Immunology (2000) vol. 164, 4968-4978), HIVx>^n-:7* y>\ 

# (Kaneko, H. et al., Virology 267: 8-16 (2000)), n Xsv Cifc^Tii, 0.1* 
{^3 L/ ^S^CB-tf^J.— y r (CTB) (Arakawa T, et al. , Nature Biotechnology 
(1998) 16(10): 934-8, Arakawa T, etal., Nature Biotechnology (1998) 16(3): 
292-7), frjtmiz&^Xlt, mnt&Xm'yj )l>Z<Dm$>^? (LodmellDLet 
al., 1998, Nature Medicine 4(8): 949-52), ^gygK^Tii, th^t^D- 
v>-r )lZSm(Di37°^ h** W**L1 (J. Med. Virol, 60, 200-204 (2000)) & 

»££T, >i>i U >$r>t©^.7?- KOfSSt^fyfrftTOi) (Coon, B. et 
al., J. Clin. Invest., 1999, 104(2) :189-94) 0 

h Mtif<D&3k*7]kt^nT:& %oit>¥%itmz. ct t> J/iSeV-Fi/ift ttiXOfr <btiZ> 

m 2 l±, Cre-loxP^ £ £ t> b fcFg & TOIfflflSli®^©^ 4 X Tlx J 

*MtirLtc&m*Ktm-e$>Z>o fixSeV-Flnft £ ffl l ^ TLLC-MK2/F7© 7 n — ? h 

I2 5&, ^^^>y^M^MIIS^fflv^T^^^'>^;b^©[i]JR^^fe^ 
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2. LLC-MK2/F+adiDcfct>'CV-l/F+adliT^y>^ ;u^AxCANCre^SP^.fc^n^n® 

3. LLC-MK2/F-ad^J:l>"CV-l/F-adliT^y V4 )l7.kx.Zkmre^mX.X ^&^**X 

4. LLC-MK2/F+ad 3rd(iT^y >T ;u^AxCANCre"CSI*«^ UfeUBflSS: * t3 3 

5. id*«tw3dtt*n-€'iiB*»3a«i Bij«tt^3 a&jrro 

6. Vacld*>«t7j t Vac3dtt-etl J ?n7^->~T^'f 1 B £ £ t>* 3 B ©Iffl 

7. AraCld43«fc7J t AraC3dJi-?n^tlAraC&^DtT 1 B£«fct>*3 BCDHUa^lSt 

o 

8. CHX Idi'ctTjcCHX 3dtt*ft^ftMfi-&$RS«S!l1M Zn^**sX h*£«L 

0 6fci\ GFP#AF££SeV cDNA(pSeV18* /AF-GFP)£F#fgmLC-MK2«K h 
7>*7x^>3>LTGFP©$8JS (RNPC^ttj) *a*Lfe»«*5%-ri=Hlf* 

So nmmt bxmte^ZM&G^w *7>iu f^&mhgfp£z» 

ALfcSeV cDNA(Fi>*7;i^SeV)£fl!Ofco r allj liSeV cDNACfifefZ, NP,P,L}1 
1S?^^3it57 , 7^^ K (pGEM/NP, pGEM/P, OTpGEM/L) &H»;:h7>;X7 
*?i/3>\stzt>(D%mt>to r cDNAj ficDNA (pSeV187AF-GFP) ®*©F7> 
X7i^a> fcHfr-To RNP 7 x a XiGFPSfggl tt ^ 6P0« 

SMU OptiMEM (GIBCO BRL)£ML (10 7 «/ml)s $*Sll!8?3[§I< OtS 

L&^-r-b- mooa1**5 l ^->'I4u^v-adosper(^-'; >#-v-r ww 

A) 25//li:^U ^(zl5^TOBtT*^^ Ffg3ts§*l« (+ad) Mint 
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■eZftfiitZftmiLT^J (-ad)«£ffi^£ 0 PO© 

^fc^^^-r^Kt-fe^o RNP/oliRNP£M (overlay) LtzMM*mU RNP/t 
&RNP £ transf ect i onL£$BJj&£:#t'3~o 

m^^t¥ST"feSo^fe^^s^yA^^«^bfc«WRNP§^tj7^-fe- 
<Dt%m±m*f%mmi&<Di%mzto 3 HBiz®m$fttzi%m±.m*, 

0 9(^ F^«^#Abfe^{;#^W{;F^^->^;^^#±?f(zaai 

TOftRNPfc^t?^ -b- h 2 lz§ZM<D¥%mmmiz 'J#7i^^>3>1 

> tg#±}f£Ie]iRL£o cotg«±?i^F^m©^Jte{3iPx«^^ 3 Hi 
£0iK£ft£^it±*»^ F^«^F#^MJjgH|ii^(;^]!jpbx hU^>> 
#£ t ##STT- 3 0 F^igfl b £ oTTOF#^«©±^©jl^©^ £ ^ t 

o 

01 Oii, F^cDNA^e>l5]iR^nfcfU^>©>rVA«5i«E-r^fe«)> F 
mMMm<Dt%m±m*(DU JlsZZMi&L, total RNA£?liifctibT> F£HN£7*n 

^ niiR £ ti tz t> 4 )v mw&&=£\m& z ft tz # f mfc? $ ft mfc* 
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tfi 0 A )IZ >fJ A± \Z U Z t WW h *» £ t£ o tzo 

ii lit G¥?(DMfc?tecwk(Dmm(Dmtmm<DY(Dk£miLiz&&tz>zt 

Z^tn-?CmfemZ7Ft^nx*&Z>o 1 : +18-NP, +18 Not h©#S©iS 
Eo 2 : M-GFP, GFP311S^ KM&mzft&t Z> Z t ©fltfgo 3 : YMfc? 
, F»fc^©#a©fi6So S£SiSeV*:Ffc£GFPSgJSSeV©$V A«ig^±(I^bfe 
o GFP»£^#Ffc»SBftt;:#«EU NP©3'*Sg{3+18S*©NotI-9-^ F 
iHS^F #RNA4* yA©^3(zfe#ffib^v^c:i: #«B£ tltz o 

mi 2 i± . J )ix<Df tMlzftnftlzfcmt Z>&3 n J H » 
Ig6(antiF,antiHN)*ffl^fe^ft«ffi^<t OW^fclS^^^-r^JI-CfeSo^-f ;i/ 
^©xy^D-rtDX/W ^««ailiFi:HN©sajC*e>«iSCi:A*W5>*»i:3&: 

HI 1 3tt N GFP©«e^tt^©ffe©»fe^©«figt±^Mi:ll«1?feSifc** 

B t £Rt-pcr© * * t m t* & S o 

01 5tt, F^SSeV^^^-t«tSin vitroT-©^£&«^©Ml^it£ 

111 6tt, ?W«tl« (BMc-kit+/-) ^(D¥!R.*mSeVi>7 9-(DmX 
ZMffiLtz&gltmtmT'&Zo e»*^-ttPB»tt/GFP»tt*ftL, Hvvs- 
liPE^/GFP^^JI-To 
HI 7 -> MH^c***-© in vivo ^4©^m$^-T«T-$)5o 
EI 1 8 li, F^Mflg^ <o @Jfc Lfc F*tfRSeV*>f &£&Jg*±?*£ 

mLc-NK2«uadjfi%u« h v7is>&&T£tz&im&TX'2nmmmL±m* 

01 01 8B(C*V^TJBWBWTHAIH4lf&-3feKK*(lane 
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lane 12) £!6WSIW£ff&aUT£*2B&08l«$©HA assay&fTofctg££ 
3 JfiftT- liH^ t & A* o fc o 

m 2 2 tt, f, HNtt«3aaiia©jijES* * > 7*n * h tc «t & n^fcis**^ 

t^XT-$>§o LLC/VacT7/pGEM/FHN(iLLC-MK2«(C 7 7 pGEM/FHN 
7^7 5; F^^7>77x^^a>l« LLC/VacT7li7 *'>=7JG*!Lfc 
LLC-MK2«o LLCMK2/FHNmixte F N H NMfc^XZ ftfcLLC-MK2«T* 7 n — 
>^ltl^j:^Wo LLC/FHN{iLLC-MK2ifflJjgHF, H N3t£^£a»A lT7ry 
7^;i/7T*£gStS§*&(3B&) ©«x 1-13, 2-6, 2-16, 3-3, 3-18, 3-22, 4- 
3, 5-9tt*O->^Lfcfc#0»II!&#©« (£iiu) fc^to 
0 2 3 feu pGEM/FHN©W©W^O^^{3j;^7^;U7©^m$:«i^bfc^ 
^XT-fe-So FHN^MGFP^SeV cDNA, pGEM/NP, pGEM/P, pGEM/L, pGEM/FHN 

lllc-mk2«h ite^A t fc„ ?ie?#A 3 ra^tg«i£ 

AraC, h V7i/>Xt)<DmHZim\s, £ £13 3 BHJgfcbfco fcfc? *A& 2 5 
B"TJfi**(*JMMnflB*U pGEM/FHN©^iP©WM©®V , > fe^IiE L> GFP26M 

02 4li, RNPh7>77^7i>3>{Cj;§F, HN^»7 -f ;i/7©S1i§gl*:if $1 
*^f^SET*So S8SigMI&3BB©F HN±t^M^S (12well) IdPO RNP£S 
erfc(iD0SPER^^lM: i ;^7ai^^3>L, 4B&£GFP£««L;fco RNPh^ 
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liJ t ( ± ) oAde/Cre * L T 6 M (3 FHNM £ #E#2g3I £ ft FHN 

^ * tifB^Tf ztz^t zmm l fe (T) 0 

0 2 5Ji* FHN^JfiGFPS»3S1"ScDNA3&»e>llfll^**lfe^^^^^±LLC-MK2, 
LLC-MK2/F, LLC-MK2/HN, LLC-MK2/FHN{;^ tt h 'J 7 , ^>©W©WM"e^* 

*0fg£*ij*f o LLC-MK2/FHNtCD^GFP(OlSA J !5A J ^^ft> £©#-f ^Mli 

029^, v^i/> 'vmmz&ttzwmMmm*m\:£-#tzt%(D, -7^> 
03 oit, •wmMLtzvt^-T'yj frxoimmmm®. (cpe) £^ 

MO^^T^^KJ^CPEttA, 15, 20, ^efct^O^MUfc?^ 
;i/Xf~cfc£CPE&, ^ft^ftBs C, &&miZ7TsLtzo 

03 2ii, ^y^^ )V7,nmim.mzm^tzmmzn^t^m.nmt^ 

0 3 3(a,JaVSV-GJa^J:?)'i7x^^>^P<y h»^^^t?It*l> 
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o 

So AxCANCre«SS4 0i©LLC-MK2VSV-GSI*f53Hflc (LI) (moi=0, 2.5, 5) Off 
«f<S**^-ro -&fnftl±^VSV-Gtfift (MoAbI-1), HifciftflcJiPITWb jfi^tf;* 

03 5fct, AxCANCre CDJg&a (M0I=(K 1.2 5, 2.5, 5, 10) 

«&±ii£[I]i&U ££>(zVSV-G g|3lHu(-), ^*^(+)©ttH^^-B-> 5 

H3 6 lis ®mmzt>4 )izm&&*m'<tz&%*7jktw-n-c&z>o 

03 7i±, vsv-g «3H»*fflv^r»e»nfeF »£?£&fcbfc$v A&w-ra 

'>a-K^'f7-fe>^'>'f^t , i FHN&» -fe>^^;i/X£ iaVSVffifln? 

13 3 8 l±, GFPjtfc^£^t?F, MX&mt^syj^JfrZ* VSV-GMfc?%M 

03 9i±, vsv-g mm?%mmi&-ci8MLtzt7 4 jizifi hn ^st? 

04 lfcJU x>^D-7'^7 , -7^ ^ Kfcifflj!&M©ffi#£fc'frK«fcSSeV/A 
F-GFP©H«f^«i*0lRl±S^"riat*So PO (mf^Hu) ©d3~d4 ( 3 0 g~ 4 B 

14 211 ^y^n-r^myy^ 5 K hlfflflS»f ©ll&£fc>-tH3 £SSeV/A 
F-GFP©S^O^S^©^s : flgm&^1"0T*^So GFPHM£«IIgttS#lJ5!&£ft 
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04 3(i,cDNA^?>©F^a-b>^^ <7>f ;i/*©U;**a-0fcW|g££^1-ei 
tf*SoX>^n - 7^3! 77 7 ^ h' h IfflMll ©*Ifr lir K £ § SeV/ A F-GFP 

(Dnmtfm^®n±.*7* to 7b @ * i^ > ^* t & us ^ * a #s j&#h«© 

04 4lt GFP£££fc^LacZJ3« F ££S-tr >^>f ??4 ;i/7^7 *-©lacZ 
04 5teu *>^^;i/7^7 AcDM®rfr©tf^7D-->7* (A) fcSf&fc 

Notitu' b*mxL®mLfcmm<D*>nV'()Wf; acdna©«5S (b) & 

04 6li> SEAPOotllM K lETOft^^k Ml^ fc»*Sv7> 

r-feSo LASloooT"^'5 3i^^7 p 7-^T^-tr-1'©M^s^©-^^^■ro 

04 8l±, ^-feV^-f i>^;i/^^^^-^t3*{j-5l/^-^-jte^ (SEAP) 
©«M©ilO*Jt«Lfefe^*^-r0t?fcSo SeV18+/SEAP©7 :r -^^100hL 

T**i*nffl*rffi&3iLfco sEAP«e^*sT«Ei3<4B-rsk:tieoT-?©fStt-r«c 

04 9 lis PI FHN±t^W(3*tf5GFP^^^t-iiM¥*-C*$>?.o 
05Ott> VSV-G^i- H*-f 7'SeV/AF:GFP«M©a£t!$£\ JfiFJ/tft ( 
anti-F), tfCHNfctft (anti-HNK Ifi-tr >^-f ">-f frZtfifo (anti-SeV) fcffl^T? 

tz VSV-G *s a - h* * -f 7"Se V & £ * & ifiJj§©GFP©m# * ^ 3" ¥ * T* % § . 
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£ j ;i/ x £ <fc § ^MXHSJ(& & * * 5 0 

05 FSfi^S^L&^y A**-fS-fe>^-f «>^;^Sfc{iVSV-6i/ 

0 5 5fcJU MGF»a*»«LfcF^5«cl!-fe>^'r (NGF/SeV/AF) 

««©tg#±?»#»?W^(i=3> hn-;i/fcbT0NGF»&*»(]DU 3 0^ 
Fn> h-';TCJ;Sjix;rStt*Jg#^LT^m*^fttfc (n=3) 0 Jg#± 
»fil/1000#f?fflSMi8inLfc. 
05 7B\ HGF»iff^ifelISeVI«»!lBJaj:?)»3R*n«HQF0«tt*^"rWT? 

««©^#±M«?W^I±=3> h D-;i/£ LT©NGFM£MU 3 

A) zj>hn-;b (NGF&Sn&LK 

B) NGF^aiOng/mLM, 

C) NGF/SeV««Jg«±m/100#^«, 

D ) NGF/SeV^^Mtg#±?f 1/100#$R«, 

E) NGF/SeV/AFf§3fc«Jg#±iil/100#iR», 

F ) HGF/SeV/AF-GFP«»iWe«il±»l/100*RaaiD 

05 8i±, Ad-Cre©ioifcFga©$8M&^-r¥£-e&£o 

0 5 9tt N Adeno-CretziSLLC-MK2/FOf6S**-r^Kt?feSo 

06 k±, ^ift(3j:-sFMe©^a{b^^-r^<T$)5o 



WO 00/70070 



PCT/JP00/03195 



-31 - 

&©-?&& o e 

<i> F^ssev^y AcDM^xmmmy^T,^ wmm 

t>4 )IX (SeV) ±^>7VAcDNA % pSeV18 + b( + ) (Hasan, M. K. et al. , 
1997, J. General Virology 78: 2813-2820) (r P SeV18 + b(+)j It r p SeV18'j t 
©cDNA£SphI/KpnIT*$<t;LT7^^ > b(14673bp)££]lK U PUC18 
[^D-r>^LtJ:t)l^77^^ HpUC18/KS t L £oF£»glHuffi#i§g(i £ © 
pUC18/KS±-£ff ofco F)tfe^©^»li, PCR-5^ ^73 
ffV\ *§Jfl£ LTFitfi?©ORF (ATG-TGA=1698bp) £0fc<^Tatgcatgccggcagatga 
(SH^iJ#-^: 1) ^SJSU F^^SeV^rV AcDNA ( P SeV187AF) *m%kLtz 
oPCR(i,F©±^(Zli (forward: 5' -gttgagtactgcaagagc/IE?'J#-*§ : 2 , reverse: 
5' -tttgccggcatgcatgtttcccaaggggagagttttgcaacc/IH^'JII^- : 3 K Fitfe^FCT 
(forward: 5' -atgcatgccggcagatga/SH M II ^ : 4, reverse: 5'- 
tgggtgaatgagagaatcagc/SE^iJS-t : 5) ©PCRj£tJ£EcoT22I-ejg|g Lfco d©<fc 
?Kf#£>ft£77;^ K^SacIi:SalI-e^fbL-CsF^»MS^tf^©ifM- ( 
4931bp) §[llJRLTpUC18t^P-^>^Ls P UC18/dFSS£; L£o £©pUC18/dFSS 
SDraHIT^-fb LT> KfM-^EIiR LT P SeV18W^fi^£^tfM©DraIII»r#- 
7^->3>U7"7^; KpSeV18* /AF 
F£&MilEGFPit£^£*s«L£cDNA ( P SeV187AF-GFP) Zffimt 
Z tc&.KMZ £ xEGFPilfe^©titi^ff o fcoEGFPfcfc^fc 6 ©fg$(Hausmann, 
S. et al., RNA 2, 1033-1045 (1996)) (3 5' fiNsil-taildT^ v 
-(5'-atgcatatggtgatgcggttttggcagtac : iS?'J#-t : 6X 3' ttNgoMIV-tailed7* 
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^^"7— (5'-Tgccggctattattacttgtacagctcgtc : SE^J#^ : 7 )&ffi^TPCR&fr 

pUC18/dFSS©F*£Mtl&3NsiI ^NgoMIVi:^9»^M{C^L, 
7:n>7£MlL.fco Cdfr^ EGFPjt<E^£^trt)rain»rtf-£I]ifcU pSeV18 + 

pSeV18VAF-GFP £f#& 0 

^PCRT'tifli iy-^ry^mULtz^ Cre DNA'J u >b*±— te*£ X Vmfc? 
m®)*mm%m£ tlZ £ o izmntZ titz7? X ^ K pCALNdlw(Arai £> J. 
Virology72,1998,plll5-1121)©:ix-7-tK h SwalSMuflJ? A U 7*7 7^ h* 
pCALNdLw/F^Lfco 

<2> SeV-F^fi£W^t-3^;i^-*fflI£©<tS 

F^»yyA*^«C^;UXfei^^Il]JR-r§fcfe, SeV-F^e^^^5^i/ 
^-mti&WZmiL t fco*fflfl§ttSeV©ti*jIC J; < ffl ^fe fit MS* 
LLC-MK2«^ffl^fco LLC-MK2«(i, \0%<Dm^mLtz^mit^^ 
jaM(FBS), ^^>V >G^b 50i}i&/mk ;fccktf7 h urr^^>> 50 

/zg/ml$«b/rMEM-e37°C, 5% C0 2 T-iglt L-fco SeV-Fiie^Mtf(i««« 
Cre DNAU3>t^— tftCct DF«lS^»^M^S^n^J;9 
\zm\Z1Xtz±.U77 7, X KpCALNdLw/F£, U > ^ ft ;i/ ^ A & (mammalian 
transfection kit (Stratagene)) (3<£ *K %07u h :3-;U£ftoTLLC-MK2 

lOcmT^- h£flH\ 40%=/>7;i/x> h^T-^Wb^LLC-MK2|fflflg(;l0^g© 
7*^7$ h* pCALNdLw/F £ z> ASt x 10mlCD10% FBS^Is tfMEMigifefZTN 37°C© 5 % 
C0 2 ^>dra^-^-cfT-24^P^#bfco 245^^1: U lOmligti 

lOcm^-f-l/ 5tfc£ffll\ 5ml ltfcs 2ml 2^ 0.2ml 2tfc£S§^ G418 
(GIBC0-BHL)&1200^g/ml&^tfl0il6D10XFBS*^tfMEHJt«l(3TiS«*ff^x 2 
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R^t«fcl)4WUT*&G418{lBtt*w-r*JBtt^P--->^ , J>^4fflV^T 
30^S(sIJRUfco ^^D->{il0cm7°l/- ht*3>7^x> h Kfc*3;"T?iS*JS 

D-i/fcoi^TCre DNAU 3 > t? *$mt %UfrWk%.7 7 S fP 4 ft 

^AxCANCreT-fi&gL ttSeV-FBSK* v> * D-*;HgG (f236, J. Biochem. 123: 
1064-1072) £ffl^TSeV-F£G©$g3S££x;* r ffit <fc tmT©«fc5 

7sAxCANCre££I££>©#& (Saito et al., Nucl. Acids Res. 23: 3816-3821 
(1995); Arai, T.et al., J Virol 72,1115-1121 (1998)) K«fc») moi=3 TfiBSfe 
3BIH«f*bfco i^ilM^g#±•a : &l5^^3l^V^fc^^ PBSHMT* 2 L 
, 7 7 b-; U 1500xgf5^^3S'^U, tt^S&fco 

MilS(±-80 o cr-«# u ifcgfcjfo i;t/$# lt «/a-r a ^ #-c § 5 0 M&tz 

Mm&lWul PBS^y7 7"-i3SS»g^ M©2xTris-SDS-BME sample loading 
buffer (0.625M Tris, pH 6.8, 5%SDS, 25% 2-ME, 50% glycerol, 0.025XBPB, Owl 

tts) *iM7L, 98°c 3ftmm®mmmm%fommuHiz®btzo mm® d u- 

>Mffc»3lxl0 5 «) £SDS-*>JT7 »J;i/7S YV)V (v;i/^y;H0/20 N *- 
h^^ct DPVDFfe^M (Immobilon-P transfer membranes, MilliporettSO (efts 

ImA/cm 2 «ti«l»oL 
M¥jgl£0.05%Tween20, 1 %BSA»iOL£7D * *>7lg$(7*n ^x- 
SfflttS!) * T? 1 mfflMWik, 0.05%Tween20, 1 %BSA£M L£7o y 
^JS«-ei/1000*RUfcUiSeV-Ffii<*: (f236) T?Sfi-C2WFlBfiJiS**&« 
Jgt£3lB]20jnl©PBS-0.1%Tween20fC 5#RBJS»LTifti*Lfe8U PBSHMBfflre 5£ 



WO 00/70070 



PCT/JPOO/03195 



-34- 

IHJi»b«c^UfcoK(E¥IK*0.05%Tween20, 1 %BSA£» Lfc7'n 
^T*l/2000#IRLfe^-^^^y-4fT-^bfe}JiV^^IgG^ (Goat anti- 
mouse IgG, ZymedttH) lOml&^S^ 1 B*IBEJiS£#fc. 12§5¥Jg£3£20ml© 
PBS-0 . 1 %Tween20£ 5 ftlMS izmftbtz&, PBSH MT* 5 frmMm IffiftL 

tZo 

(ECL western blotting detection reagents, Amersham1±S0 (3d; 

t Z> LLC-MK2SMS © ft m ft tz „ 

ff f> ft if ffll&l* © ft © - o © LLC-MK2/F7$B JJ& * fcxSeV-FJnft: ^ffl^t7D- 
tM M r U-UWf&frofe (0 2) o lxlO 5 W^15,0OOrpm 4°C-C 

5#KU U PBS200//lT-ffi&U 100<£#fRbfci7iF* y * D-^l/ffi 
ft: (f236), 0.05%3P^b^ r U*A> 2%FCS£^t?FACSfflPBS (BflHb^) T*4 
°C> lUFIMLTSJS^tfco St>*15,000rpm 4°CT-5flf H ^ 1^>^> U PBS 
200/zl-fr^L, FITCratfc^^IgG (CAPPEL&) l/zg/ml£:30#|g*±-C 
SJfcStf, JIVPBS 200/* 1*5 ifefrU 15,000rpm 4^T'5#^j§<[>LT«£*t? 
>^>U lilOFACS/BPBSKSSUfco EPICS ELITE T)l3 

if-£J8^T* ®^MS488niDs gftM525nmT«$Mff Lfc 0 ^©ifelflx 
LLC-MK2/F7 T-& SeV-F^fK^SIII^^SWtCtafriiOia^SliStt^tttti* 
fts SeV-FS a K#«3t ® C «SB£ ft £ £ #m £ ft tz o 

[H»J 2 ] ^)lA-Mm-C'%Mi<fttzSeV-¥f> >^^ff©«tB*B 
^;i/^-«-?:M^^ftfeSeV-FgaKli^*©SS^*^fcftTVAi) 

LLC-MK2/F7tt^6cm^-V-KliS§s 3 >7M> h i; 7r 
V^;i/*AxCANCre££j$e>©;S& (±13) ted: £moi=3tr«^> bVr^>> ( 
7.5/zg/ml, GIBC0BRL ) £ Is'tfMEM (serum free)T*37°C 5%C0 2 ^>*a^-#- 
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£5, Fl£F2©2o©-9-:/^- y McjfffitU£ttfl5£*i3o ZCidUFSa** 

(DmMM&'hmmztitefr^tzo u^u z®Fmmmmzsev-m%M77z^ 

h* (pCAG/SeV-HN) * h7>X7i^>>3>LT h^y > fc^frMEMT* 3 B F^*g# 

IBIIISS®^©iR3Hltt (Hematoadsorpt ion assay; Had assey) X'BULtz (HI 4 
)o "T&b-fex mmmmiz 1 %x<7 r 'J|«^ lml/dish£;!jD;i, 4°CT:10^# 
fflll!S*PBS«««T?3llffi&Lfc£:c:5N MM©^M©^p-- 

ffl LT«llfilS^*3ISje^ bfc^#WBU LLC-MK2/F7T-^f^31UT^5F 

K#fc a c: 5> f&MSemnm&tiflzm^tz 7 >? *s-Tt>4 )\sMZ «t 5 

^S'-7'>'f;^l:*ftSV7 l/>(psoralen)»tfi^fi^^(long-waveOV 
) THD9BM (PLWOVfflS) tt> 7^-T^;i^©^f££££^£-£s T7|g 
3IrSt4#M&fc>&t^£#fB££ft-a^ (Tsung^s J Virol 70,165-171, 1996 
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)» ZZZ\ Z.<D?lWi9mL1Z7*i/-T<>4)\/Z (PLWUV-VacT7) fcffi^T'W 

)iz<Dnmm*Ufrtz 0 mtm®Mmm*A5v * h/vur*5****«i*n& uv 

Stratak inker 2400 (**D^#^ 400676 (100V), ^h^y-^, LaJolla, 
CA, USA) *fflV*fco ^©^ SflllfiCffl^fcF*SilBIJB*»e>Faa©»3SttlB 
g£ft£&©©>C ©PLWUV-VacT7T" 548$ L fe UBS© lysate * ^ -ifflflS'MS 
^LTfearaCO^TT-ti^^^^T^JfiiSI-B-rx £©F 
afa^aC^JB^CTL^^d^^JWUfc. £©PLWUV-VacT7£ffl^fc 
ffl^&;LMMSeV©|f1tglT*i£«#10 5 W±©MA^VNii'i7^;ux^liJR 

$nj&3tpofc©t*ru io 3 ©!!^^^*^^ ^xniiR^qrf^^ti\ ^-oi/x© 

< F *&SeV>> ■< ©B«^st>*ti*i> 

F^IRgBfet:: enhanced green fluorescent protein(EGFP) 
^tT6n;u-;K3^-ot*AUfe±I3 pSeV18VAF-GFP £TfB©cfc?f3LT 
LLC-MK2ifflJS£ h7>77i^ya> LTGFP©^3I£iiff L£o£©B#RNPflMt;: 
ifcg&fcfifcSMfcT?*^ 3o©>j7-f;i^fi&3t£^NP, P, L©#*ffc<fc31£*$ 

LLC-MK2 «£5xl0 6 cells/dish T? 100mm ^ h U ffllt 24B#eBJg#^ V 
(365nm) T* 20«U T7RNA#'J ^ 7— If *&Mt 
% D □ > \L1-y YWiz—T^J)]/* (Fuerst, T.R. et al., Proc. Natl. Acad. 
Sci. USA 83, 8122-8126 (1986)) 1 B^«£1*£ (moi=2) (moi=2-3 

, #3£fcUoi=2#flH>e>ft5)o «W8&3ia«E»UT*»67'7^^ K pSeV18V 
AF-GFP, pGEM/NP, pGEM/P, &?>*pGEM/L(Kato, A. et al., Genes cells 1, 
569-579 (1996)) **il-£ftl2#g, 4/zg, 2/zg, #l>*4/zg /dish ©fittf 
0ptiMEM(GIBC0)f;:5MU SuperFect transfection reagent (1/zg DNA/5^1 © 
SuperFect, QlAGEN)£AftT*g£ U £i&"T?10 ft^ftf^FBSfc^ 
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tf0ptiMEM3ml(ZAn> IfflBSK^n bTtgH Ltzo pSeV18VAF-GFP ©ftsb K) 
Mb. bTI?£MSeV'5'V AcDNA (pSeV(+)) (Kato, A. et al., Genes cells 1, 
569-579 (1996)) ^«OH**fTofeo 3ffWg«gL M£> M£ 

^tfc^MEM T*2lH]ffi&U >>hy>/?-D-77ty77yyK40//g/nl (AraC 
, Sigma), h V7i/>7.5jugM\ (GIBCO) £^t?MEM-f70Bf F^iglt bfco Cfif.® 
*BWS£®JKU h£0ptiMEM CSlf: (10 7 cells/ ml ) 0 }$ISi&8f£3 

(ill £ & LTlipofection reagent DOSPER (Boehringer mannheim) tMik b ( 
10 6 cells/25//l DOSPER) M"C15£ttKLfcaU F2S3SLLC-MK2/F7 HJJg^tz h 7 
>^7i^>3> (10 6 cells /well 12-well -plate) b> Jfilii^SfcVMffiM (40 
^g/ml AraC, 7.5#g/ml h U 7*>>&£tf bfco 
*©£*x •>'f;U^**©3o©«|j«5* N NP, P, Ltfit^XtovfttZlZG) 

tifiwmLtz (0 6)„ 

<F^St*U^>©fiiE> 
±12© ct o £ bT J AcDHA?ff«»3ftfc«fl&tofclOT#, F«3i^;i/ 

^-aws-ci/***-^ ^t4^^i-5^M^'f;i'^if , ;^>SMbff 

Sfr£fi-<feo HU^bfeidtcHt^RNP^M^nS^ (pSeV18VAF-GFP, 
pGEM/NP, pGEM/P, #t>-pGEM/L£|3jB#l;: h7>77x^ h ilJ&fiRSft 
fclr^ft (pSeV187AF-GFP, pGEM/NP©2fl0 75*S FO»4h7>77i^ h 

4? v- a tms LmmmMb.immmi&iz%ti?ti ^7x^i/3>u; 

ft £ ©iffllBStC * -5 GFP$83i«©l£# 19 T- -7 -f )lzn?<DBm*WL% LtzoZ® 
K©^GFP^«©j£^t)^M^^nfc (07 ) 0 77-47Ty*4 
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%n±m *®«s»itt f w-t> ©*si± wtoh*c «t t> see s ft fc„F 

h ';7"^>#ffiTT-©^^^;u^* J liti^nfe(EI8)oF^^lfflJ5ScD±^ 
(09 TgUtli h U 7°^ >##ST-C^# Lfc F&SMSfr&ttJBSStt&Er 

fc&o -w )ixm^tmta ztix^zztifiwhfrtft-otzo &±<d ztzzt 

(cJtB^nSdfc^W^^fc&ofeo £©J;3CiilB*ft;fc*0fettF&fciHz> 
^-f "M^*©*^ *-tt0.5xio 7 ~lxio 7 CIU/ilol6iBti*ofeo 
[MMM 4 ] Ffcfc§?GFP$S3SC7>f;i/;*0#*r 

FfcfccDNA/pfclllJRSftfc K »J *>0>7V A#l3S*JtB-r ££#>sFfg81iBI&© 
*&&±M^<D*?4 iW&WUXs* total RNAfclftajbTs F£HN£7"D-7£ UT 
y — tf>7uy MWfiffofc. ^©^F^MJJg^e,[slJR^nfe^-i';i/^i± 
HNJtfc^tttftffl $ ft fe # F ilfcx ti&tfi $ tl-fs Ffcfe ? & t> 4 )IZ V J A ± \Z # 
*EL&^;ifc#lS&a»fc&^fc(iaiO)o3£ URT-PCRC «fc D GFP©3HS^ttcDNA 
(Dm%<Dffitm®<DY<Dk£i®mz&lEt%>Zt (HI IK flil©iifc^© 

flfitiis^k nom? & a c ^ &flm t to w±© c ^ & <± * j )iznmm* k 
2±<Dftmmz&%r^-&^z£&7rs$tifzo ttz, nuR^ftfeF^^-r n 
zn^zmmiz&t), zommzm^tzo Fk&tjfrznwm&mtj))/* 
tmmz ftmz^v *)i&mm&tx^j ?mm&z%Lx^tz (mi4) 0 £ 

<i7>f;u^0Fi:HN(i^S«Jt3Sje-r5^3n-f Ki££-IgG(antiF,antiHN)£ 
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<Total RNACjflttk 7 — tf >7d y h«¥#K * «t t>*ET-PCR> 

F^MflSLLC-MK2/F7(cj7^ ;i/^«LT 3 Bi©tg#±?f*^QIAamp Viral 
RNAmini kit(QIAGEN)£flH\ ?07D h=r-;ut^^total RNA©ffliii&fTo 
o HSLfctotal RNA (5//g ) ^*^A7ibrt K 1 %^t*T^n-X^ 
;i4;iT&Ifr#8tLT;fr''^ /^^ra— A^O ^^-f >^^E (Amersham Pharmacia 
tt ) £ M t ^bond-N+ ^>7 P 7>C h7>777bfc o Mlfc^>^7>li0.05H 
©NaOHT-@/£U 2fg#S?LfcSSGf8«« (Nacalai tesque) TfrfV^a, >W 
7'j^-fc?-^3>?£$ (Boehringrer Mannheim) -£30^17* WW 7'j ^ Hf 
— >3>£f?ofco 5^=fdr^y-> (DIG) -dDTP(7;P* UJSStt) £ffi^fc7> 
^A77-f ADNA^f§^(DIG DNA Labeling Kit, Boehringer mannheim){3ct Dffc 

(anti-digoxigenin-AP)^Jfo£i*\ DIG ditection kit£/fl^TJS#f Lfco ^© 

f sgMjjg^ f> mux £ 7 -< ;i/7 iiHNite? li^tti * # f ate^tttft 

0)o 

$ £ £RT-PCR(I «fc DPHB*»*f*ff ofeo RT-PCR(£ff §g Lfc 7 -f ;i/7RNA£ 
SUPERSCRIPTII Preamplification System(Gibco BRL)£fflV\ ^cD7n p =i-;u 
HftV>first strand cDNA fc^fifcU LA PCR kit (TAKARA ver2.1)£ffl^T&© 
«fc5fc&fl : T?PCR£f?ofco 94°C/3#£jfc&, 94°C/45#,55 o C/45#,72°C/90 
1^^7;PhbT301^'l'7;i/^Jii|Sbr72 o Ct-10^g^, 2%7*#n-7 

i: FiR.&®mzW \Ltzm?®m$Zfcm^tz77 J v-tiforward 1 :5'- 
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atcagagacctgcgacaatgc (E^'JS-f : 8 ) . reverse 1 : 5' -aagtcgtgctgcttcatgtgg 
(E#l«: 9K F&fcSffifcffll AbfcEGFP^HNfife^OStflK/iH^cT 0 ^ 
(iforward2 :5'-acaaccactacctgagcacccagtc (E?!JS*3 : 10) .reverse 2 
: 5' -gcctaacacatccagagatcg (E?'J#^ : 11), Mitfi^ h HNitfe^ 

fc©Httforvar<i3: 5' -acattcatgagtcagctcgc (E8I#^ : 1 2) £:reverse2:7 

7>f7- (E9i#^: 1 1) -e^^fco -e©ig^> momB^itcdMom^om 
tmm<D¥<z>K%;%!imzft&tzzt (mi ix flboiae^©«ijiJ±»^ 

Si:PSt-fe5Ci:&fl|^Lfc (013), WJKD^iiiP^'fMSi^C^ 

iZLtc'&T's lX10 9 HAU/IDl(;^i) C taC10^#|RLfePBSt3M®t^ ^©-^£ 
i^^Cv^f^D^J y h±CITltgfit^l$tfe, 3.7%*;i/VJ 
>&£tfPBS£«fc t3 0.1%BSA^^t?PBSM-e30^H?MS$ b 
, ^e,tPMT-200«f?bfe^F^y^n^--;i/Jn;fr (f236), ^fc&J/tHN^y 
?u-j-)Vijifo (Miura, N. et al., Exp. Cell Res. (1982) 141: 409-420) £ 

mTLT&M&m-cGOfrmfcjfoZ'&tzo zv'&wv hzmsx-m&Lx, 200^ 

foZVfzo m^XVV v h£PBS, MS^g7k©JllRT"^if b^sr-a^ * 
h©±^C4%©^^v-'>AM•e2^F^feb^^#fe±^ JEM-1200EXII « 
^RjR* (H*«^) fcffl^Tg^ *tf£bfc 0 ^^©x^d 
-7©;*;^ ^tijffgfiF^HN©* >;^»fr£&6;: <h#W£fri:& MS 1 2 
K^;W?- «©£g-T & F # > ^ ^ R# Z © h* U > C »l$t;:& D & £ fit 
l^^tffrfrofco £fc> F^^-Y^^^liif^^^^XhlSlli^rtaJ 

c^v ijji&mmmtxsu zmmfe^Lx^tz (mi 4) 0 
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LMMWS] FfcfcSiSeV'^ in vitroT~©^1ifttt^©ift$J* 

o M18BSD^«y h (SPF/VAF Crj: CD, ft, 332g,~9 M Charles River)£^x 

ft** (5%-i7Vjfii?ii:5%^^Ms 10%DMSO£^t?) DMEM££ U ^7^7bt 
■*I}f>SlLfe^W >mfa (lMr>*T4 >0.2mg N Vi/MTJl'T' 5 >0.2ig 
N ^;U3-^5mg N DNaseO.lmg/ml) £*D;L 32°CT* 5 ^«t(Effl«tf LT15dM 

g L TiTOJt tfili <b « £ {I * S * T- I^t 1 -f > ?"£fg t) £ t fc 0 32%3CT 1200rpm 
5#HH£jt» Lfc^«£B27 supplements Lfcneural basal medium (GibcoBRL, 
Burlington, Ontario, Canada) 13 H!K^ U # 'J -d- U V > (Becton Dickinson 
Labware, Bedford, MA, U.S.A. ) u - t 1 - h ± C 

lxl0 5 cells/dishJti^ 37°C, 5 %C0 2 -Z^mZ'u^tzo 

(moi=5), $t>t3 BlfflJS*Lfco 1% ^5*;i/A7^rt r\ 5 
% -VXlfom, 0.5% Triton-X£^t?B£*T"5#F^gT*@£U BlockAce(9 

microtubule-associated protein 2 (MAP-2) (Boerhinger) IgGi; 1 B#l!3 

-f>*a^-^3>LfcoPBS(-)T 1 5 3 Elifc&£* 5%^^JfilT*/PBST-100 
fi*R*fifccys3-|g^T>>^IgGi:Sfi-e 1 RtlHK >*i'^-S/a >Lfeo £ 
£ {3PBS(-)"£ 1 5 #£HZ 3 llflfc&tfex $IJj&(3Vectashield mounting medium 
(Vector Laboratories, Burlingame, U.S.A.)£;!jn;^ #^j£8ffitfl (Nippon 
Bio-Rad MRC 1024, Japan) tf 470-500-nm g fc (£ 510-550-nm ©excitation 
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band-pass filter Ztttftz Nikon Diaphot 300 #J£II®S!T*MAP-2©ft<gg:fih 
GFP©3i» «t5 2M%i&(DMftWl%Zft-3tzo ZOim^ks MAP2 UttttMBSC 

&mmmioo%mA$titzzk&mt>iy>t&^tz mi 5)„ 

7rAX) li*B#«Iifre>*AU SFM CS-Cl^ife^ y h (•b)k>7rAX) t 

37°a 5% co 2 r- tgmLtzo 

JEHSM (015, Muscle), lEftfc hW (HI 5 , Liver), IE 

fft hi€iJfilf[*im (01 5, Lung)^©b hIEm«t;:F&£^SeV^* 
-£«LT (m.o.i=5), GFPSgSi&S&Lfco ^m©*lSC*^T*l3:l3:100 
%©«A»T^^^GFP3ie^^^LTOS^^«^^fife (015), 

^^zWimMMMZV>*it^--t>-T~ftMLT, F^£^SeV^7 
^-^^t^ii^ffofco £1\ C57BL x">^ (65i^*t) C150mg/kg (3 
J:^(l5-fluorouracil (5-FU,Wako Pure Chemical Industries) £JgErt& 
U(IP injection) 2 B^^If i »)#ll«Blia*®JRLfco Lympholyte-M 

( Cedar l ane ) £ fli V ^ tz ?&g 43BB»'C» t:<tot £ U fc 0 3xl0 6 ©#M 
BC#U K#^>ffi»£*lfc{n;CD45R (B220), JrtLy6G (Gr-l), ftLy-76 (TER- 
119), tffil (Thyl.2), JJtMac-l rUT* r 7Ki^>8SK-X (77 
-^x>*±, 7^-3i>t±) ©?1£-Lfc&©£3xl0 7 §APX.4 0 C(ZT lftHSlfo 
£-fr s i&SKcfctK Lin + ©^llS&l&^fc#H£®JRL& (Lin«) (Erlich, S. 
et al., Blood 1999. 93 (1), 80-86) o Lin" «4xl0 5 «£*tU 2xl0 7 HAU/ml 
©SeV *ti\7L, ifflgU^ y rSCF (lOOng/ml, BRL), fiftitML-6 

(ioou/mi)^iax.feo ^fc8xio 5 © h )inmmm^ n lt F^asev 

4xl0 7 HAU/mk lxl0 6 ©«H^L5xl0 7 HAU/nil©GFP-SeV$:ia^feo GFP-SeV 
(i, SeVlE^a. ryh pUCl 8/T7HVJRz . DNA( + 1 8 ) ( Genes Ce 1 1 s , 1 996 , 1 : 569-579 ) (DU 
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cttJlHi^^s iAL«U;o mil©£&(Genes Cells, 1996, 1 :569-579)iZ 

m\ a woae^F^^tr * << )iz & mm t tz 0 GFP-s e v£« lx omfm* u 

fc&x *fflHa£*ft**l2#H#tt N -otzli7^nxij^»J> (phycoerythrin 
) (PE) ffll»tJt-CD117 (c-kit, Pharmingen)* ll$FS£Jfi<*ii\ * -5 -#tt2tHBl¥ 
£ Ltzo 3®PBSt3T&&Ufc^> 7D- fr-f h ^—^ (EPICS Elite ESP; Coulter, 
Miami, FL)£«fcSjB*r£frofco 
€©^, jfti^©priiitive#iffllia0T-*-^&5Jfl;c-kittiift7?x>y y^- 

0 1 6 )o igil±fc*©ffif{H4&^0fcR{i, «J£Si±?«£ h U 

h OttUft® ^ ftlK £ ^ T * «5*f4© & § 0 -f ;i/ * HfidP #lft tB $ tlX V> * ^ d 

7* h (F334/Du Crj, 6 Ms Charles River Hc^&il* (*«^3I) 
T-10fg#^Lfc(5mg/ml)^>^-;i/±h U*A** H 
ffi»t«tOJff»U 'JiWSfil^li (DAVID KOPFft) *m^Xt>4))/X 
(D&^fi^tzo S4M(iinteraural linei *) (bregma) ^5.2mnu 

^A^J; DCT^.tonu flBOTcfc t)2.4mm ©ffifit 30G ©£&$r(Hamiltontt) 

T-20//1 (io 8 ciu) sail rsi:iia^0±*aeiia{3GFPcDiav^iB3SA $ s*$tL 
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, m. Il^ foBs Ms is Mm<Dmm%n<D^-rtitio^~c%>mmFitt® 

[HWJ 7 ] F&HSeVy y Afr "bCDF-less^ )V.7>tiL=f-<DM&L 

<1> 

F#«JSLLC-MK2«jfc;|3 £ OT» toLC-MK2«IJfi(LC-MK2/F7) tZF^»SeV«> >f ^ * 

CDHA assay©^**^Ufc (01 8A) 0 ifte^Jg^fc^ft^ftaWaWK 

2BJ£#&©SlW0StBciS©HA assay©fc$*^Lfc(Ell 8B) 0 
±gp© rcj ltttmmtLXm^tznS%mt>to Dilution (#SO ©g^te-M 
;i/*«©*KfS*&*fc"fo l6W»WT?HAI»tt1?&ofc*R*(lane 11 

££t>* lane 12) &%W»W£??&& fC^*2Bft©»tR«©HAassay*fT ofe 
(01 9C)o d ©fills F^lHSeV^-f ;i/^*JBIfeUfcF*«3Hlieig*fctt»WaiW 

•cf±HA#HM4t * e> <r\ «w»wc»asi * >> )iz&± < mmz n 

<2> 

F I^IWt! jgffi £ ft & #J8#H4 * 4 »Z ttfc •> ^ ^ * ft^ t" 3 * K 

SSeV^^QIAamp viral RNA mini kit(QIAGEN)£ J; OiSKUfc total RNA£Fjt£ 

^> Sg&ftU SfctiF^ifflflac^^ac^^^^fi^CMAO^^ft^HNSfe 
^©;/o-:/-e^> K^ffi^ftfe* s s Fjt€^©7-n-^T-A-> FAMfctHSft 
^fc(01 0) o ^(DHAI^ttT-^^^V^^ttF^fflyyA&^oTV^ 

8Stt#&^«>-r ^attSaSBBTCH^fci:;:^ £^**i^P:M8B3ft*. t* 
U * > © x > ^ d - d W KfiRtt L tzMm 6 £ BK? 3 tfCft T- «Mlfc L fe 

*K &?u-< K«||tfeF«a*B«1-Sin;ft"ettRJi6U*A»ofc(ia2 0)o c 
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© Z t ttF-1 ess© h* U * > ©#£ * ^ U Fg 6 # & < T £HNM fi JjMiT- * -T ^ 

# t: U * > i: ITM^n^C «h tf^JGIJ Lfco FMT-SeVt" V * >#MT* # 3 
ZtlZtX-lzmSZtijo?) (Leyer, S.et al., J Gen.Virol 79, 683-687 (1998) 

) , ^ in © mm \±mm &m&fcsev¥i)*>*mm?%2>ztmmxw i bfrtte 
itzo z.o&o ^F-iesst 'j * >z%ammr>-mmz*&mmT' zzzt&s 

SeV F^»RNP^@tftf V*>**miz£m&T'%Z>Z.t%7ji[sXU2>o 
<3> 

¥i ^ i &m$k mmmmiz & s ^ t z < & ^£ & ^« xwmitz 

V-A(DOSPER,Boehringer mannheim)£zg£-LT, ^Str 15M >^ra^-y 

# - y ? U * y - A £ ££- L & O ■£ < GFPfg3!« gEfg iShtefr^tz® 

^T*«#*nfc« F*»3iiiifi-eiiGFPttJimjB-e»»t^ wnte^js^^ftv^ 
vMf h7>z7*2*>3>te¥<Dfi&*m^-cfflmzmxttii£. »e 

[Htt0i 8 ] FHN&SSeWrV I* ft £ 04 frZ<Dnm9t%£xmM 
<YWX.mf; AcDNA©jf|g> 
FHN^^SSeV^y AcDNA (pSeV18 + /AFHN) ©Hf^(2£-r pUC18/KS£EcoRIT-}g 

©[?6©£@S?!!£ (4866-841 9) £&&£it\ BsiwlSMli(cgtacg)T'&*S LUt^Lfco 
FHN^Mte©12^J*^-^>^^«tlf.Lfe^ EcoRI7v^>h (4057bp) * 
y^*>e>0JKLTpUC18/KS©EcoRl7 7^> r £g£&/LT#f^ bfeo 3©FHN 
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^tH«l«4^tfKpnI/Sphl7"7^^ > h (14673bp) fc^HiiK LT pSeV18*© 
Kpnl/Sphl7^7^> h 7*5 7 ^ K pSeV18 4 /AFHN #»?>ftfco 

-7j> GFP£#ALfcFHN*»SeV cDNA©«SiJ±*0«fc^ Cfrofeo pSeV18 + /A 
FHN #f>SalI/Xhol77^> h (7842bp)*E]]RbTpGEMllZ(Promega){Z^ 
->7U 777^ HpGEMllZ/SXdFHNi: LfcoFHN&&ffl$ffiK:d2EGFP (Clontech) © 
ATG-TAA (846 bp) ©^(zBsiwlM^^AnUfePCRmtl&BsiwI^^^bbT 
, pGEMllZ/SXdFHN©FHN^»M©BsiwIM(3SigLfeo f#£>ft£7^7^ Ktt 
pSeV187AFHN-d2GFP £ Lfco 

$ UHNCDORF&£tr 7 5 7 * > h £pCALNdlw (Arai e> ,ffE)©a - - 7 &SwaI gff 
ISClfAL, 7*^7^ KpCALNdLw/HNh Ufco 

LLC-MK2|iflatCpCALNdLw/Fi:pCALNdLw/HN$:|lIii^ fciiSfc 3»i±T-*g-£ t^ 
mammalian transfection kit (Stratagene) &mu*<D7u h^-Jllzft-oZM. 

tt^n->tt*n j encre dna m \z%%mtz*mz.77 : ; i y'( jit. 

(Ade/Cre) (£J$£, iiutB) -CiBJfeb (moi=10K FfcHNfi6 jr<DB«*3H3 Bftlffl 
BS*PBS(-)"C3lHlt5t^frialiRLs ^*77 >7d yy-j >y&£ffi^TiiiSeVF 
ilJaSeV HNgaK© ; E7 7D-7 u ;HgGtZctf3t^ait^(EI2 2 ) 0 
<pGEM/FHN©#l^> 

pCALNdLw/FJ:pCALNdLw/HN$:^(Iffl^fcFi:HN7 7 > h £^tl?JxpGEM4Z 
% PGEM3Z (Promegaft) \Z 7 n > 7* U pGEM4Z/F£pGEM3Z/HN£f# fe e pGEM3Z/HN 

£[|]i&UpGEM4Z/F©FM£?T^©SacI^-7l7-'r h^iaiRLTOfljbfcaJffi 
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RttPIB#CI8JSS-e § s c i: &9EB t tzo 
fhn**^ ;i/7©|fflf^ (PO) i±-jiti(;ffofco -oj£F*»^;i/7©ff 

|g3!7^7* K*««&LTSfllSI*ffofco <r&£>^ T77-d^-^-©MT 
T-F, HN* Wl7ff£&3tir6 7^;U K&S'J&ftOHbTs iiitJ: £F:fc=fcOT 

ttFHHtt*aiBifi-C*fi*fTofcoFHH^lHGFP«3SSeV cDNA (pSeV18'/AFHN-d2GFP 
) , pGEM/NP, pGEM/P, pGEM/L, pGEM/FHN£€ft^ft, 12/zg/10cmdish, 4>ug/10cjn 
dish, 2//g/10cm dish, 4 / ag/10cm dish, 4//g/10cm dish0*Jtt$l£ L (ftH 
M, 3ml/10cmdish), tffiEUfcF^»SeV©f|fllSli:H«&^ffitfLLC-MK2iMMac 
lemife. 5ie^#A3^«Jg«6$:AraC(40xzg/ml, SIGMA), h U 7"'>> 
• (7.5#g/il,GIBC0)AD©MEMfc£»U £ *>£ 3 BBUSIlUfco jI£^#A&2 
BBt?m#2SttS«*-e«*U pGEK/FHN©*M0#ft©»^fctl^U GFP$83i 

iwaofi^D-o-r^ojKjSftffliBbfc. totem, nmmm^mmmm 

Ml^V^HHt'l/^^n^iPof; (i2 3)o FHNMfi?ltffigD#K« 
(H24±)o 

Ade/Cre^«tT6B#P^^{3FHNga^g|^ S ^tl^mHFHN^a«i7^ 
;^***»!LJt«*-es&ci:«BUfc (0 2 4T)o 

FHNfc»GFP£$eJKt5cDNA*»&?fft££ftfc'7>r ^7wll£LLC-MK2, LLC- 
MK2/F, LLC-MK2/HN, LLC-MK2/FHNKMUT h U 7^>0&Aa©W*reJg*Lfc 

o %m3amzG¥?m&mmMm<Dfcifi , 9zmmLtztz?>, llc-mk2/fhnt*©& 
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#tofcJt«£ft3£fc#ttB$ftfc(Bl2 5) 0 

FHM* * -f V J A **Br -5 it #>, LLC-MK2/FHN« £ @Jfc £ ft £ #* 
±?f£il'bLfc&> QIAamp Viral RNA mini kit (QIAGEN)T*^cO:rn hzi-;K3 
tJ£o"CRNA}fttfi'&ff ofeo dORNA^: Superscript Preampl if i cation System for 
first Strand Synthesis (GIBC0 BRL)tCck t>RT-PCR©r- >7 U— h£fi££*T t\ 
TAKARA Z-Taq(^Sie) £fl3^TPCR£ffofc„ #HB8ttF&««M;i/**ffl^;fc 

®i6a^to**ffl^rfTofe(HJie : Fi:6FPaie?©iifl^^fo«& (m-gfp) co^ 

Tli forward: 5' -atcagagacctgcgacaatgc / IS ?!) S : 1 3 , reverse: 5'- 
aagtcgtgctgcttcatgtgg/SB^'JS^ : 14; Ifite^fcLJte^Oll*^*)* (M- 
L)t3oi^T(i forward: 5' -gaaaaacttagggataaagtccc/iB^JS^: 1 5, reverse: 
5' -gttatctccgggatggtgc/@2?'J#-5§ : 1 6 )„ *<D%m. MfcGFPjgfc^fcrW 

#t&aj£ftfco vitLMBttT'yj •?-izmutzM&&. mMmtGw&^/vtz 

(026)o 

Jg*±i* fcEUKU LLC-MK2, LLC-MK2/F, LLC-MK2/FHN^©«H^$ffcfeo * 

fcffftCffi^ft (Kato, A. et al., Genes cells 1, 569-579 (1996)), jffjft 
C|)57y7DlSIfi U-fe 7*^— (ASG-R) LTffMJBCWJIWClBSS-e § 5 
£ ft ifc (Spiegel f>J. Virol 72, 5296-5302, 1998) c FHN^H 

RNA^y A^^-f^x^D-riiFiecW^tlfetW^ F 
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50//l©D0SPER/500^1/well)il©^©W^T"FHN^m^fe(il^3iLLC-MK2 
MILL *©|g*x ftuMUfcF-lessW©^^^ DOSPERi;^ L 
T L£m£UiGFP3!3rl«©j£# »J #tl££*l#x HN-less© tT U 

z © ct o temmmifofr % ra^ ft % *? < ^w^t^-mfci- 
tMM^#wis, %tz\mmwzmm^xmk\^ spiegei?>©£&T- 

[fWJ9] &my; arna^-ou*^ #-©/£«& 

1. ±{3^3fc^T*Ji«i^nfcF^aRNP(iF-less©'i7-r;i/^ai>^o-7 , (;S* 

Apt, ttzir&fc^mAmm^m&TMo&ote&vxmmzmALT (mt? 
A«-e smi: wmm. £tzi*m&*£mbmttz>zttfnjmx*&2>o 
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iAu mKM^tt-tmmttmxHmmu mmmmmx-^m^Lx 

(Leyer£,J Gen. Virol 79,683-687, 1998) £&n T^CSM-M ;UX£-fc 
>^Fiet-^a- NbUfc^**-fcffi££ft-t^3(Spiegel5J. Virol 72, 
5296-5302, 1998) 0 Fgaft# r U r^>T'$g{£ftfc&ASG-R£*r LTffF 

HiiJ5S(3^^W(3^ y -f > ^T 5 § § £fg££ftT ^ § (Bitzerf> 
J.Virol. 71, 5481-5486, 1997) 0 W©*#©*l4H^fctt?J&J5fc*"e* »K & 
»«fc:^^^--0li : ?IiJR*«fflK'C*SoS&Spiegel&{±-fe>^ F^fi^vi 

lR£*ifc> FHNtt^«SeV^^;U^yy A£8*n Fga©&x>^p-7"g6£i$ 

oi>-f mmfrmizMm*<®m®teMmnxm&mmzmM 
z&ffiifimzztitzo 
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T7£ggE9 ^ ^> - T 9 >f ggt^TfflWZillJ; < T7# U * 5— if £ 

3BM£2x 3BlM^t5Ci:^^K #<©*§£> tfL9^v-TH 
Sflfc LT y 77>ty>^l^l^i) s , iPjS£©^ (Kato, A. et al., Genes 
cells 1, 569-579 (1996)) "Cit, U 7 r > £*>>©&*>£, AraCfc&fr LTffl^ 

s;i:ta^ 9^>-T9^;i'*©«$g&£'J>iiBi;:W;U -fe>*w 9>f;i>*© 
mma * a* «fc < ff -5 - t eea t fe o 

d 9 -i ;i/**S©Kfr0 9 -f ic Jt^ 5 i: ^ S £ £ D ffi^© fr'Httf & § o 

^©jus^lt, ^-r^afr^tto, ^©aat&ag («©RNAtzgy& 
©ufrti «MT-i!i<RNA^+ w>>mm*)M%(Dm&b i/m- k lt* ^ 

r 9 >f ;i> * £Psoral en-Long-Wave-UV^^®S -T5C:fctZ«t!5x9^'>-T9-r;u 
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©^{1 )VZ(D*m<b<D&WifiWS£.3b*>t>tl tlZ (Tsung, K. 

et al., J Virol 70,165-171 (1996))„ 

g 4Jg« qTIB«C»^S •> -f » * ©i§^ SflSfi££ £ D -tt^f 7? & ^ * S T- 

5fc#it5 0 V7-l/>fc**g (UV)©*fc«H*U 7* 
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-£IBTpGEM-luci7^7. ^ h\-fe>**^ <t>H )IX l-fS A(;J;ST7#IM y- 

H??st£©$]£f±^>^ ^^^-^v a©:/^*^ h*i: v T7-e-t2>^*-r ^-r 

;i^NI\ P, LMfi^M-tSpGEM/NP, pGEM/P, pGEM/L7°7^ ^ h*i:|5l^iz|fflBSt 

MWH^ftfco LfrU T7#U ^ 7— b?*£t4&, V7l/>Ma 0.3, 1/z 
g/ml3£(i^{b^B-y-t\ lOAg/ml-Cte 10#©1 HJgtM'>UT^fco (H2 8) 

o 

giblZs V7b>i!g£0.3//g/ml£@£U mnMlifB#r B l^Wbfeo M 

B$ng#it*-f 7£^T^;i/*©*^*-&M^Lfe#s 3 0#£ 

T-©M-e«T77jf >;^^— fe-rStt-\©^#Jim^n^^ofe 0 £©££, 0.3/z 
lOWfr(DUz£T-m / P£'£Z>Zt:tifZ%tzo (02 9) 

SM©^-<^-(3m»LTmoi=2 (M^©^* -f #--emoi=0.002) T«feL 
£ £ £ ©24B#TO ©CPEfi , *M© ^ ^ * £ io i =2 Tii^ £ # £t © ^ ft h 
$tt>t>tzfr^tz (H3 0) o 

$^ltbtc ff#ffi&lis ituHBM^©^**^ 77-f U WT©^JiT-*T 
^>£ 0 ewellCV-f^DT-l/- h(ZLLC-MK2«^3xl0 5 «/wellT'ji[^, « 
t PLWUVMmi© ^ 4 $ -^MXGxlO 5 pf u/100/z lii&^cfcoi;:?^ 
-7^iM^RU PBS^^©«H«^*/io liflfflM, 100 
/zl©0PTI-MEMtr-7^ ^ h\ pGEM-NP, P, L, ^ LTcDNA£^ft^ftl, 0.5, 1 
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, Aug^mTitzbCDlZ, Superfect (QIAGEN) ^lO^liDx^ 
fc|£lml0OPTI-MEM (GIBCO) (Rif. AraC£^fr) £ < fc>;L^ mm^MLtio 
h7>^7x^ya>i2, 3, 4 B§tc«£0JRU jl'fr^ 300/zl/well 

Al^§^10B@©^WM(3=&#^4ffi^ofgfflbfc(lxl0 5 ,lxlOMxlO« 

j£L 10 4 T-fi+^ 10 3 -e&M££&/L-^ (Reconstitute Score) 

Iti&mz (S3 Do fh^li«l©S*3o 
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£tz, h7>X7i^i/a>t2, 3, 4 BTtfX lffllSfcgi#-f S^^T- 
fcJtflSLT, Mg£L£&©»&<&oT^£ (H3 2) 0 

•7*^-7»M;i/* &PLWUVT- f £ ^ £ £ J; D > T7# V * ^ — fe* Jgtt C li 
H*»*4*1\ *W *-£1000#©l££-CTtfS;:i:a j "e*fco LfrU 9^> 
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(03 Do |hjb#{3> h7>^7x^v3>^ti^ofe , 7^v^T'i7-r;i/^©^^ 

5pfu/10 5 cellsJ^±T"(i^^ofe 0 lot, f*l^& r 77^:r<W 

<1> VSV-G jflS^»^SI^^3S-ri.^l/^ , -«©^ 
VSV-G Ifi?l»iWStt^WLtt^fc^ Cre U 3 > h*±— fc? tCcfc <9 
VSV-G3l1s^MtI^SI^^^n-2)<fcdBSIt^nfe7-v7^ KpCALNdLG(Arai T. 
£> J.Virology 72 (1998) plll5-1121) LLC-MK2 Wm~Z (D%fem\W 

ttftZfr^tzo LLC-MK2 «a©777^ K©2»A(i, V ( 
CalPhosTMMammalianTransfectionKits ^D-Vf'vJ'tl) CJ;!)> ^fl"?- 

10cm7"lx-h^ffl^ N 60%n>7^oi> h^T-^Wtfc LLC-MK2 SHUSH 10 ju 
g©^;^ K pCALNdLG £a»A^ 10 ml © MEM-FCS10S& tglilt^ 37°C© 5 % 
C0 2 ^>*a^-*-*-e24f$ft^itL£o 24B#P B m{;:«£iiJ#U 10 ml© 
JgJfefcSSB&x 10 cm 5*fc£ffl^ 5 ml 1 *5c. 2 ml 2*fc, 0.5 ml 2#£ 

G418(GIBC0-BRL*±§O 1200 ,ug/ml£^t?10 ml © MEM-FCS10%^«fe^^# 
fcfrK 2B^(Ctg«fe^L^^e>> 14BP^«Us ^1£^©££#AJ*©3}R£ 
fTofco H^#(3J;f3 4WLT^feG418{3»tt^^-r«l^ ^n-n>^'J> 
7*£ffl^T2 8#£l]iKL£o #7D->&10 cm 71x- br-n >7;i/Ji> M3 

=&7D->tco^T, Cre U u > tf ^— -b* M^l&x. 7f ^ £ -T 
AxCANCre£«& s j/C VSV-G ^ 7 7 n-±Maft£ffl^-C VSV-G ©2S31£WT 

#^o-Xi 6 cm yt-H:^ n >7;i/Ji> h 7r; 
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*?4fl,7> AxCANCre (±15) M0I=10T-fl8*&, 3 BRIgf* 

bfco K«BiSliJS«±?»&«lt)l»VNfc^ PBSHMT'^ts 0.05% h'jrs/ 
0.02% EDTA(x^U>^T^ > 4M)*^tfPBS«ff« 0.5 ml^AD^.. 37 
°C, 5^P B ^>^a^-h-rS.Iil(Zcfc!9>'^-Ucfc0iiJ* J L^o 8tfllBtt3 ml 
PBSHMtiM^ 1,500 x gT" 5 #H33§;|> U flUB&Httfe. tt&iifettlJBtt 
^?>(32mlPBSMM{zSJSM^ 1,500 x gtr 5 #HISM>4Mi-f S 3 (3 «fc !? 

t*§3o *»fciffli!Sttioo /zl © mmmmm (ripa m^?-, ^-u>#- 

vwWMtiO tctD^lSPU MflS©£gfifl (lU->IfcD lxl0 5 « 

>f)inn,faMm?>y')\'^y7 7- cem Hja-m (ph6.sx 2% sds, 

10% yu-fen-;K 5% 2-^;u*7 , h^^y-;bA^*s^«?H] 

t ^ Ytfft f-tfn, 10/20, tg—fb^tt*!) iMtao^ii 

s #iB£ftfcMfifl£-te * ^^d-^ hmiz & (Immobilon-P 
TransferMembranes, Millipore KlE^Lfco (E^tix 10 0% - 
JK:2 0#, 7kt-I^IBI«bfeteaf«l*MU lmA/cm^t«©» 

o%7uv*>y®m*'£tsPBsmmm"ci/i o o ok 

^fRLfcta VSV-G (*n-> P4D4 S i/W#M) 5mU^-^^ 
^g¥M^2iS40 ml 0PBS-O.l%Tween2OK5#B8i5iKU ft 
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ffl&Wl&IS&Vl 0%7D^^>^«^atfPBS$I»MT" 1/2 5 0 0 (3 
ftfflLtz^-**^ V-V'C&MZntcfii'? * I gGJrCft (anti- 
mouse immunoglobulin , Amersham QM) 5 m 1 £ t*— — )Vn y^ClAtU v— ;i/ 
*Ltz'&, iStlil^lI^ffco 

jgM&x a£fc^K£2jgPBS-0. l°/ o Tween20i:5«au 8fc& 
Lfc^ PBSWC5^iSU ft#Ufco 

(ECL Western blotting detection reagents, Amersham ttfj) 

3fC^o3^0->r% AxCANCre ffi$ttAti& VSV-G ©£^#&tJJ 2 *U VSV-G 

f#^nfc«^©-«^LLCG-Ll^D?^\ ifflSV8M**J8^T7D-1M M h 
y-##r&fT^fc (B3 4), *©|g*x LLCG-LlT-li, VSV-G «fc^a»2g3Il8 
W*Wfcffif*fc©fi;6tt#fcffl£*U VSV-G 9»i9K1fim&3m£8MZtiZ 

f ae?4^Lfe^>'A*wrs-fe>y-i''>^;^& vsv-Gitfc^$gsi« 
tjass £ vsv-g&«£ * t z i - k * -f ^ -f ©ji£#ji e> n & 

x ±§BII«Jf;:ISil©GFPjI£^£^t?F fc£SHr>^>r »M GFP« 

e^0*a**s«t:ii^fc« ^©^s ere u^>tt- fe*^^t?«^^T^ 

y^-ni^AxCANCre fc^Lfr^LLCG-LlT-fcL F t>4 )lX®m 

frbhtzo %<D±m<D 1/5 *ffeftVSV-Q &tt*&a$-tt-felBI&C 
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(D(d, G¥?mmmm<DmMztiisbt>titzfr-?tz 0 u±<D&mt>t>, vsv-g %mm 
Mftmwiz v 4 jiz&mmt zzt tfm&b *u vsv-g ^©^-k^ 7©f * 

<3> F «€^£^&Lfc^V A^t5ya-h^^7-t>^^^M©I 
££^©W 

VSV-G itfc^©|g3iS©i£S£ili^££#K AxCANCre (MOI=(K 1. 

2 5, 2.5, 5, 10) -£S©F Lfc^ A fc^S^ 

i-K^^7°-fe>^W^^^X^^^ 7 Bg£>£> 8 Bg®±rif £ 
£>H VSV-G S§#iKk K#f£©ififl&M&£-fr> 5Bi©GFP©^3IL-0^ifflI§© 

mzitmLtztz5.mi=o ~a\zt>i )uz(Dm£tf±<mtbt>ti?, moi=io©£ 
ft-zmt^ztififrt^tz (si3 5)o ttz, mc^ ^zm^mzm^tz 

8Bg^««Et^f; (H3 6) 0 £^ ;u**{ffi©$J£i^ VSV-G Bl^Sfj© 
»3> 1 Ofg-r-olSPg^(C#|Rbfe^^^^M^»t, j«&5Bg©GFP© 

^Mjjg^lStx.scttcj;'?, ^^;ux^^©m^©^*5^ (CIU) 

tzo ?<D&ms mmoi ^zm^miz 5 x 10 5 ciu/mi-t-&o£o 

<4> F «e^^^Lfc^VA^W1-^^a.-K^'i'7 , -b>y^^^;i/^©irC 
VSV-G ^»§ffl^Tff ?>n^F itfi^^^^bfe^y AW5^>a-^ 

jr^yn ^^)V7,tK ^s^vsv-g ?>^zn*Gtz>frizmLZ, tfcvsv 

tf l fritm>?®m&<D&wznzfr}i'ofr(D*mm&*m^tzo <yj»zmttfi 

faZfe-SU ifi^3 0ffl^ VSV-G £^2g-piLTO&^LLCG-Ll jgfflJgC: 
«U 5Bg©3ie^2*At^GFP^«©WMt:^fco ^©^ fitVSV 

yyA£*t s-b>*v )ixz-iz®mm%&t>titefr-otz (m3 i) 0 
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$-®mt>tltzVJ KZtK VSV-G * W^K&W-rSS'a-H* 

<5> j/a-h*^'frt>^')>f;wtf f fcfcsy^Afctfts^fcciinB 

F£cfctf HN m&l L *%.£:Ltz7; A££-f 3-fe>**^ t>4)Wt VSV-Gjlfe 
^MMLCG-L1 -t!\ VSV-G£*M£tC Wif £ 

g£#JI?>ft£fr£> ±KH«3fe®cDGFPitlE^£l3tfF, HN^S-fe^'-i' 
±IBHWJ^IsI«©^ST" GFPiife^o^*Ji^{-^feo 
%om%, vsv-g ^3i«^^(3^^;i/x^Ji5itsc^«46e>n> vsv-g £ 

(7»jl-K#^:7W , HN^^M-b>^V ^;i/*©£$#|g#)£>ft£ (03 8 
)o -j7^^X*fficDiiJ^(i, VSV-G ^luOlfflflSd^ 1 0^?o|^ttK#lRL& 

(ciu) $*46feo 
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1 x 10 6 ClU/ml-e&ofc 

o 

<7> ^>a- Y*4?-\>yy4t?4 )\>Zifi FiJctTJ HN X.9zM*f S £<I 
£:©8tB 

^0VSV-G 5tfi^^MflaT"±i®Lfc^^;i/X^ F&itf HN K&mX'&ZZ. 

■fe •> -f fi#© * >;i * RJiftffi £ ft § F:fc «fc VHN* >^ 7 

tfefflSft&frofc;:*:**^ F:fcJ;tf mfcfcS"C*3dfc#«B£ftfc (039 

LLC-MK2 5xl0 6 cells/dish T"100 mm ^ h V MiZ 8§£, 24 

s Mmzszte^mmm t- i 3 ug/*\ ©V7i/>ti$st 

(365nm) T? 5 ^BffliLfe T7 RNA #U^7-gSI6ItS l J3>i;t> 
h7^^-T>7^;i/^ (Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 83, 
8122-8126 1986)(vTF7-3)(3^ST- 1 M^ffc£« (moi=2) (moi=2~3, 
mzte moi=2 #flH>S>ftS)o IBUB^^ M£^£fc^MEMtgJfeT: 2 ®8fe&Lfc 
7^X5; KpSeV18VAF-GFP, pGEM/NP, pGEM/P, 2££>*pGEM/L(Kato, A. etal., 
Genes cells 1, 569-579(1996)) £^ft^ft 12//g, A/ug, 2/ug, RVF 4/zg/dish 
©Sift* Opt i -MEMigiffi, ( G I BCO ) £!i*§U SuperFect transfection reagent (1 
^gDNA/5/zl ©SuperFect, QIAGEN)£Aft, M"C 15^IBtt««, 3% 
FBS£^t? Opti-MEMJgife 3 ml tZAftfc DNA-SuperFect m&to&mt&taLX 

^>/?-D-75 757 K 40>ug/ml (AraC, Sigma) ^ifMEMtgifeT* 70 M 

^#tfco ^n?>©«i:±?*^iHiJRL, ^eft^eft P0-d3 ^yyjitLtzo po- 
ds ©^p.y b% opti-nwtgmzMmbtz do 7 ceiis/mi)o 3 mm 
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*)MLX lipofection reagent DOSPER (Boehringer mannheim) t L (10 6 
cells/25/zl D0SPER)M"C 15 ^IBttllfei, P«3S LLC-MK2/F7 flll&RC h 
^>*7x^>3>(10 6 cells/well 24-well-plate) U M£^£&t>MEM*£ife 
(40/zg/ml AraC, 7.5/ig/m h 1) 7* Jg*Lfco 3 Si£<fcl>* 

7 BBC±»*HJJRU *ft*ft Pl-d3 Pl-d7tf>7>fcLfco 
<x>^d-77-7^^ FtF«lttIIS> 
77* ? Kliai>^o-7 , 7 , 7^5 K pGEM/FHN^4/zg/dish*Dx.feW^(i, ± 

, Jfil$»*£*&^ MEMtgifeT* 2|!iSfei£U yfy>^-D-77t;77;i'h' 40 
^g/ml ( AraC, Sigma) tbVr^>> 7.5//g/ml ^^tfMEM^ife T* 48 B$ftg%£ 
lfeo««J:i^«l,il^^j:^ MEMtgifeUO/zg/ml AraC, 7.5/zg/m h 
V7^>Z$ts)lZMm$tltzl00 mm ^hUffll 1 tfc#© F $631 LLC-MK2/F7 S3 
MM 5 ml fcMJgbfco Jg#48B#IWgU Ztit>(DfflMt±m*\£\iUL, Zix 
?ti P0-d4 -*t>7>h Ltzo P0-d4 C^I/f h£ Opti-MEMJgife £«»L (2x 
10 7 cells/ml) N ?*&||k#£ 3 EJ^DiibT F 8*3! LLC-MK2/F7 8HBS#K»S(2 
xl0 6 cel ls/well 24-well-plate) U M£^£&OMEMtgi1ii(40;(zg/ml AraC, 7.5 
//g/m h';7-v>^^tf)-e^«Lfco Jg#& 3 BB&cfctf 7 BBC±S*lilJR 
U Pi-d3 4oJ:i>* Pl-d7-^>7*;vi:bfeo lt«©fc^ Mfefrfc-f* 

<GFP^gMIS©* * > h C ct &CIU©$J5£(GFP-CIU)> 
LLC-MK2 tt^ 2xl0 5 cells/wellT*12well-plate(;:3f£> 24 B$IH|Jg*gL JftL 
MEMtgtlfe tr 1 BifcfrLfcgL ±HB©it>r;KP0-d3^fcliP0-d4 
, Pl-d3 £<fc7J Pl-d7)£, llttflMStf 10cm 2 pfj£lOMO(HH©liB0»£&a«fc 9 

ml/well JDiLfco £££24 «^$*iffl!iTtiiU GFP^S 
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<CIU(Cell-Infected Unit)if]£> 

LLC-MK2 mm* 2xl0 5 cells/dish T*12well-plate £WS, 24 
JfiU»fc£*fc^ MEMigJte T* 1 ®&i&Ltz'&s ±IBi*>7Vl/ (fSt tlZ )IX 
^**-£SeV/AF-GFPfcffcf ) £ 100^1/wellT'^ Ltz 0 .15fl#, Jfil?i£^S: 
ft^ MEMtgflfe^lml/well flO*. $ 5, iZ24 ftffli&K Lfco PBS(-)T" 3 0 

•feh>& lml/well £nx.ig*>t& D BVK**-frfc (8llO#M5#gfi;tt 

m)o pbs(-)t» ioo {%%w.Ltz' 3 7V*£t)mm$titzmsevxv ?u-i-)],m,fa 

(DN-1)& 300/zl/well in*, 37 6 Ct45#F E g >f >*i^- h Ltzfe, PBS(-)T" 3 El 
UliftL. PBS(-)T- 200 Lfcifitf#*IgG(IttL)&# 111 

(AlexaTM568:Molecular Probes*±S^)£ 300^1/well J0^> 37°Cf45OT^r 
a^-htfeo PBS(-)t 3 [SiJfc&LfcgL M#§i$tiiT(Emission:560ni , 
Absorption: 645nm7 : 5 4 *a«)-e^**«-rs«aaft«*tfe (0 4 

0)o 

OT£ LT±ie-tf->7Vl/ (SeV/AF-GFP) 4 100^1/wellT*^bl5^, Jfilff 
MEM£lml/well iflx., ^ e>{324 l$l8|Jg*& ^©*^*fft>1*H 
lfflllS&£^K»StT(Eaission:360nm , Absorption: 470nm7 >r ;u*- : 5 4 *tt 
«)T?GFP«JB*JB*tt*Ufc. 

^>7^^-T^^;i/^(vTF7-3)©PLWUV(Psoralen and Long-Wave UV Light)® 

LLC-MK2 5 xlO 6 cells/dish T'100 mm ^ h UifflH»t> 24 B#P^tg#^ 

, Jfiliffc^Sft^ MEMtgfife 1 EliftfrLfc^ 0.3~3 //g/ml ©V^U>hfi 

(365nm) T* 2-20 ^WLf: T7 RNA 
u y M± y Y 1 79*s — 7b'<)V7> (vTF7-3) (Fuerst, T.R. et al., 
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Proc. Natl. Acad. Sci. USA 83, 8122-8126(1986) lz £U X 1 mmm%k$-&tz 
(moi=2) (moi=2~3, UMiZit moi=2 tffflo ^5)o MEM 
%MX 2 [H^LfegL 7°?7.* K P SeV18VAF-GFP, pGEM/NP, pGEM/P, 
pGEM/L(Kato, A. et al., Genes cells 1, 569-579(1996)), £^ft^ft 12^g, 4 
Ag, 2/zg, 4/zg/dish©SJ:tT' Opti-MEMtgife(GIBCO) tBSSU SuperFect 
transfection reagent (lug DNA/5//1 ©SuperFect, QIAGEN)£AtU %UX 15 

3%FBS&^t?0pti-MEM^% 3 ml tAftfc DNA-SuperFect 

MsmzMi&izmiNLximvtco 3 s$r^#^ Mtt^j;^ mem 

tgit T 2 m&t&L, ^Fi/>/?-D-77t;77;i/F 40 >ag/inl ( AraC, 
Sigma) MEMigife T* 48 mm^btzo 100 mm VWOm 1/20 $g© 

«$:^SB»^TT^bs GFP^MSS©*^> r Ltz 0 9* ^ -7 4 )1>Z 
( VTF7-3 ) © ^rSft ©t&£ t fc* 7* 7 - 7 Jgjft {I J; S * -< 7 - © «9£ ( * #§S £ £ , 
•7^WH^7"n h3-;i/, P 291-296, 1995)£fTofc 0 

hv>7 7x7i>3>&©in]«$£3Bg£jigU V7l/>^0V 
JS»Np|ffl©tftW*ffofco &?WV®M%fi-otzV Z *>-7V4 )1>Z (VTF7-3) § 

t>^^^j^siM$^MLto ws^m*.©^ (±ib 
) WTCD^jrcfrofco eweii^v-Y^prb-htc llc-mk2«£ 

5xl0 5 mW*e\\"eWL%. IfefctSmitzik (lxlO 6 fflm/veUlzmmLTUZt 

?immmm<Df"( *-&nx 2xio 6 pfu/ioo/ii tftz&oizvtis- 

7>7^;i/7(vTF7-3)£#$?U PBS«ls^a©IBIISt:«Jfi!**fco l^f^m 
50//1 © 0pti-MEMJgife(GIBC0)(Z7°7 7^ h\ pGEM/NP, pGEM/P, SffpGEM/L, -£ 
LTftiDSSeV cDNA (pSeV18* b( + )) (Hasan, M. K. et al., J. General Virology 
78: 2813-2820, 1997) £ * ft ^ ft 1, 0.5, 1, 4 g £ jjn * & © £ N 
SuperFect(QIAGEN)£ 10/zl in*, g&T?15#ifcgLfc^ 1 ml© Opti-MEM(40 
Ug/ml © AraC£^fr) £iD;u MlMLfco h7>^7i^>3>i, 3 0 

mzm&zm&u m<b'&, loo/zi/weiicPBSKMLfco cossawsfcio^ 
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lOOjg, 1000fg#f?tfe«M 100A£lfe5»» 10Bi©«W»WtC*#iR 3 
flfoMIRLfc. (lxlO 5 , lxlO 4 , lxlO 3 «4?Ji?tiiSt)o 3 Bft&ftfr 

EUfcaW®^ HA Stt#»-3fcaiW*-^ 10< T-(i+^ 10 3 "tfcfcSj&fc 

Il^j 1 2*JJ:V1 3CDiS3l£II]4 0~4 3, ££15*2 Unto x>^n- 
7"il77X^ Ki:JfflJ!§a®©^^t)*{3«t5SeV/AF-GFP©S«J^»©fSl 
±#«6R£ftfco PO (Mttm) ©d3~d4 (3B@~4Bg) fcS^T* £Ul^afc 
##g#>£ftfc (04 1). H2T-&, h7>^7i^->3>i3BI®Wi 
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14] GFP&^*fcVMacZJ5« F ^S-b >V4 t?4 hT,^ 



<LacZ M^^tS F SeV cDNA ©$f^> 

H«0UiB«0 pSeV18VAF ©NP i^illi^atS Not I tttfffifflic 
LacZafe^SJSftbfe cDNA (pSeV(+18:LacZ)/AF) £#§H-f3fc#> PCR 0 
LacZ iHn^ ©Jfli&fTofco LacZ J815?£: 6©^fR (Hausmann, S et al., UNA 
2, 1033-1045 (1996)) 5' 5HH£fcfc NotI MM^bfe^-f 

T — (5 s -GCGCGGCCGCCGTACGGTGGCAACCATGTCGTTTACTTT6ACCAA-3' /BB?!i#^: 1 7 
)£, 3'*ti SeV0|gaSP»IS^^;u (EX ^£IE?'J (I) *5it>*fe¥^>^± 
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)V ( S ) NotI tO»rSffi*f*4bfe7 , 5-f'7- (5' - 

GCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGCGTACGCTATTACTTCTGACACCAGACC 
AACTGGTA-3' /ffi^'JS-t : 1 8)£fflt\ 7^yU K pCMV-/? (*D->-ry**± 
S!) fcWSfcLTPCRfiJfcfcfTofco filfcfcttttx PCMV-/? 50ng, 200 /iMdNTP 
(77JRy7;H*f^l), 100 pM 77-f7-, Vent ;!?y*5 — tf (-a 

94°C 30 50 °C 1 fl\ 72 °C 2 ^©S^aft^-f ^;i/25@-efrofco 
t)S7«D-^^r>i^ifim 3.2 *n^-*©»rfr£tiD!>ttJU UK 
NotI fW»rU pSeV18+/AF Not I IJJ&Jrit t 5 4 >f - *s 3 > t T 
pSeV(+18:LacZ)/AF %mtzo 

LLC-MK2 5xl0 6 cells/dish T'lOO mm ^ h »;ini£IS§x 24 \$m%W& 

, foM&fS&tt^ MEM t? 1 El^bfcfts 3 //g/ml ©V7l/>fc«»g*^8 
(365nm) "C 5«lLf; T7 RNA # 'J p< 7-4f £$BB"f £ U u > tf 7^> h 9 * 
i/-T^-f;PX(vTF7-3) (Fuerst, T.R. et ah, Proc. Natl. Acad. Sci. USA 83, 
8122-8126(1986)(Z^ST- 1 B#Hl!6$fi!£-frfc (moi=2) (moi=2~3^$?5Ii;:tt moi=2 
#flH^ftS)o 8BJ3S£M£^i:fc^ MEM t? 2 Hifc&Lfc&x LacZ F £ 
fcg-fe^-f •M;!/*'***-- cDNA (pSeV (+18:LacZ) AF), pGEM/NP, pGEM/P, 
SU t pGEH/L(Kato, A. et al., Genes Cells 1, 569-579(1996)), %%ti?tl 12 
jug, 4//g, 2>t/g, 4//g/dish fe«fct>*x>^D-7'7 , 7^ * h* pGEM/FHN £4,u 
g/dishiDx.> Opti-MEM(GIBCO) lzm°M U SuperFect transfection reagent (1 
#gDNA/5/zl ©SuperFect, QIAGEN)§Alx> 15«Ii, AlK^tZ 3% 

FBS£^t?Opti-MEM 3 ml iZXtltz DNA-SuperFect ^tl£»f;:» LTm# 
tfce 3 «£x Jh»ft^*«cv^ MEM f 2 ®ffi&U ishis>/3 

-D-77fc7 77;yF 40 #g/ml (AraC, Sigma) t h 'J7y> 7.5/zg/ml £^ 
tfMEMT* 24 fif|g|«*lfco £#±i£&Bl!>Rfc^ tt^ MEM*gffe(40/i 
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g/ml AraC, 7.5^g/m h VTi/>^ts) CB»*iifelO0 nun ^rUJDL 1 
© F %ffi LLC-MK2/F7 HMM 5 ml ^liLto £ &fcJS#48BSH&N £fl 
£©*IHB&h±?i£(H]JKU -en^n P0-d31t>7\>l^ tfco P0-d3©^byh& 
Opti-MEMtgflfc £8Hb (2xl0 7 cells/ml), ft&Hff& 3 0iDILt 
lipofection reagent DOSPER (Boehringer mannheim)^®^- L(10 6 cells/25//l 
D0SPER)MT* 15 #Bfl;RBLfc&, F$g3! LLC-MK2/F7 «tti:h7>77x^ 
^3>(10 6 cells/well 24-well-plate) b, M£^£&UMEMigift(40/zg/ml 
AraC, 7.5/zg/ra r U Lfc. iS«&7 Bltz±»*leIJRU 
Pl-d71f>7-;i/h Lfeo * &fc±?* £M£12-well-plate(;:}iOfcF3gi! LLC- 
MK2/F7*fflMMl 37 °C 1 B^M:^ MEMJgJfll JgJfrTf-Elifc&L&fiL Jfil»££ 
*3S:^MEMJg«s(40/zg/ml AraC, 7.5/zg/m r U Lfco 
7 Hgl3±}i£[IlifcU P2-d7tf>:7;i/fcLfco £ £t3±^±fi£ 6-well-plate 
C»l^feF»a LLC-MK2/F7 37°C 1 BfM&gL MEMtg* JgfMrC-lllifc 
&L£^ lfoa&^£&^MEMJgife(7.5;Ug/in r 'J r*>>££tr)-CiS*L& 0 *& 
#&7 B1K±»&II)JKU P3-d7-9">r;i/i: Lfco $ e>K±i»£*&10 cm plate 
HJS^fcPIBSS LLC-MK2/F7M*(I 37 -C 1 B$IH«!feSL MEMigfft igifeT—Uffi 
jfll7»*^S3&:^MEMJgffi(40/zg/inl AraC, 7.5/zg/a r Ur^fc^tf) 

<La.cZ%mMffi®* 0 y h (3 <fc £CIU©ilJ£(LacZ-CIU)> 

LLC-MK2 2.5X10 6 cells/wellT6 well-platel3il£> 24 B$R9J3&& 

Jfilf»$r^*3&V> MEM^ife T* 1 ®m&Ltz&s P3-d7Ol/10#^^^J*MEMJg«feT- 
f^«U 37°ClM«^s MEMigfl&T— 0^U 10%M£^t?MEMigife 1.5 
ml &SS0Ufco 37°C-e3 B*Sit&> $fflM£-Gal r U>£hn^x 

>#) 'CfctJ&SLfeo 3@©3Sifc0g|l£ig4 4K*-ro LacZ 3fcfellf£«$ 
£ft*.fcfS^ ^-r*UD«£"?* ?3-dlV->yMZ^X ixio 6 ciu/mi ©-m 
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mmmi 5] *>vjtj)izizmm&®%zmmLfzmfc?%m&c) 
mm 

t>4 )IZ (SeV) ^ft^VAcDNA, pSeV(+) (Kato, A. et al., Genes 
to Cells 1: 569-579, 1996)©cDNA(:$r£& Not I hZ&mfc?<D7.t>- 

hisyj-frtkTmmmtfe^y+Kvmizmx^tzomAfi&tLx&z?, 114 

5(A)©£3 \ZpSeV(+)*Sph l/Sal ixmitbtz&fift (2645b P K Cla IXffiltLtz 
Mfr (3246bp), RXJFCla l/Eco UXmit LfzWift (5146bp) *Zh?ilTXu- 
zmn.famT'frM, f£i3-f £^>K£tUt>aJU QIAEXII Gel Extraction Syste 

m (qiagenm) -enjiR • mm^tzo s P h i/sai ixmit Ltzmfrteumm (ne 

W ENGLAND BIOLABSftMK Cla IXffiit Lfc$r>t t Cla l/Eco RIT^b LfcirJtfi 
pBluescriptll KS+ (STRATAGENEftiO iz^j 7-i/3>L, V7>7U-zzy7 
Ltzo ffit^XNot h©#A£l£Quickchange Site-Directed Mutagenesis k 
it ( STRATAGENEM) £{£o£o tMft(DM\\zm^tz7 : y 4 -?-\tW-Y?$X 
: 5'-ccaccgaccacacccagcggccgcgacagccacggcttcgg-3' (E^JS^- : 1 
T>^-fe>^IS : 5' -ccgaagccgtggctgtcgcggccgctgggtgtggtcggtgg-3' (IE 
: 2 0), P-M^T-(i-fe>^II : 5' -gaaatttcacctaagcggccgcaatggcagatatc 
tatag-3' (IE?!i#-t : 2 1), 7>^-tr : 5' -ctatagatatctgccattgcggccgc 
ttaggtgaaatttc-3' (S^J#^ : 2 2), M-FH^JiHr >*IS : 5' -gggataaagtccct 
tgcggccgcttggttgcaaaactctcccc-3' (iH?!)#^ : 2 3), T>-^-tr>*SI : 5'-gg 
ggagagttttgcaaccaagcggccgcaagggactttatccc-3' (IH^JS^- : 2 4 K F-HNF^"C(i 
: 5' -ggtcgcgcggtactttagcggccgcctcaaacaagcacagatcatgg-3' (Il^Jll-^ 
: 2 5)> T>^-fe>Xli : 5'-ccatgatctgtgcttgtttgaggcggccgctaaagtaccgcgcg 
acc-3' (SH^J#-t : 2 6K HN-L^Tii-b >^IS : 5' -cctgcccatccatgacctagcggc 
cgcttcccattcaccctggg-3' (BE?!l#-sf : 2 7K T>^-fe >^0I : 5' -cccagggtgaa 
tgggaagcggccgctaggtcatggatgggcagg-3' (E^J#-^ : 2 8) fc-fcfl^fl^fiB U 
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mmtLrmm&saii/sphimK. mm, mmi±c\&mft. mm, wmitcia 

Site-Directed Mutagenesis kit© 7°d h?MzUK\ ^Afcftofco iALfcl) 

it; AcDNA-N7-t>y<; tfco ^©*§^ m± 5(t)<D£oiz&mGi?mizmtz 

\ZKQt\-tm\Ltzmm. (pSeV(+)NPP, pSeV(+)PM, pSeV( + )MF, pSeV( + )FHN£J;tf 
pSeV(+)HNL) (D-b>V4 t> 4 )\<7,>f J AcDNAfc^Lfco 

T # — if (SEAP) £PCRT-^7D-^>7"L;ko 7*^ v-KfcUsc I ftMilfil 
iM r £filjn t £5' 7° v v — : 5' -gcggcgcgccatgctgctgctgctgctgctgctgggcc 
tg-3' (@3?'JS^ : 2 9), 3' 7*7 : 5' -gcggcgcgcccttatcatgtctgctcgaagc 
ggccggccg-3' (SB^JS-t: 3 0) ££j!dcU PCR4fTofe 0 UStClipSEAP-Basic 
(CLONTECHttSKK UlRHtt/yi/ tourbo DNAtflM-7— tf (STRATAGENEttS) 

^tzo ?cm, mvnZAsc ix'ffiitb, tiftiia *>mm • mRufeo -^7-7 □ 

-->^t§77X^ Ft UTpBluescriptll KS+©Jfoi Ii^-T h (3 v;i/5=-7 D- 
->y^-f h (Pme l-Asc l-Swa I) ^H^^7*^;u-^Sffi?'J-M^^^^^t? 
-£j$;~;$:iSDNA [-tr>7|| : 5' -gcggccgcgtttaaacggcgcgccatttaaatccgtagtaagaa 
aaacttagggtgaaagttcatcgcggccgc-3' (KJiJ#-t : 3 1), 7>^-te >7§I : 5' -g 
cggccgcgatgaactttcaccctaagtttttcttactacggatttaaatggcgcgccgtttaaacgcggccg 
c-3' (SESWf : 3 2)] £*l^^£fc©£«Ufc (04 6) O C©r-77^ 
K©^sc ItM Kill • 0iKLfcPCRM«7'l''7 T -->3>U 7n-^>7*U 
feo dftfcAfot IT-^fbbtSEAP3il5?»fK-^m^M-eilliR • iflMKU ±I3©5 
a^©-fe>7*-f ^^7^7 AcDNA£pSeV18+©Ab£ HM Hl^tl-etl^ 
^>3>LII^^fi 0 ^ft^ft©'7'l';i'7^7*-£pSeV(+)NPP/SEAP, pSeV(+) 
PM/SEAP, pSeV(+)MF/SEAP N pSeV(+)FHN/SEAP, pSeV(+)HNL/SEAP43ctU c pSeV18(+) 
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/smt btzo 

LLC-MK2«£2xl0 6 cells/dish T'lOOmm^^-U KiiSSK zmm&%W&, 

)VX (PLWUV-VacT7) (Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 83: 
8122-8126, 1986 N Kato, A. etal., Genes Cells 1: 569-579, 1996) (3^ST*moi=2 

cDNA, pGEM/NPs pGEM/P, *«t tfpGEM/L£ *ft^ftl2/zg, 4//g. 2#g N £tt*4;Ug/dish 
©Mttt-OptiMEM (GIBOCOBRLttl!!) KKSU 110/il ©SuperFect transfection 
reagent (QIAGENfti!) £AftTS£U ^T"15#5fcg^ «^&£3%FBS£ 
^t?0ptiMEM3ml^*P^ v bT3~5B#^tg# bfco IfflKM 

£^£&^MEMT'2[H]ft#U h :>>/?-D-T^ t7 7? J ^ h* (AraC) £^t?MEM 
T-72^P^^#tfeo CIfte><E«£[e]i&U ^.1/ >;> h £lml<Z)PBST-^® bs 

mM*mM*)MLtco iine>*ioHM»w$-e-fe«iwtioo/zi8«u 35°ct-3 

CIft£>[I]i&bfc^«££>K10- 5 M0- 7 t#«?LT3»WCH«8U H*K@iR 
U#&bT-80°C{c;* h y£bfco^ft^ft©^;i'*^*-£ ; £SeVNPP/SEAP 
> SeVPM/SEAP> SeVMF/SEAP, SeVFHN/SEAP, SeVHNL/SEAP*3<tt5SeV18/SEAPfc-r5 

)o 

CV-l«£6well rb-rfclwell&fcOSxltfcells-rolfg, mflSIl 
feo PBS^^s BSA/PBS (1% BSA in PBS) X"10\ 10"\ 10" 5 . 10"\ 10" 7 «i§R 
Vtzm&Z.SeVZmmJ >*i^-S'3>bfc|g> PBSf&TfK BSA/MEM/T#P- 
* (0.2% BSA+2xMM^*©2%T#n-*£rg£bfc*®) fcwellfcfc &3il"r 
oMjf bs 6Bfi37 o a 0.5%~C*t%mbtzo 3ml©x*,>-;u/#K (x* 

y-;i/:M=l:5) £iffl* N 3WiU T^fD-^^ii^t^bfco PBST* 
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a.s<-^3>Lfz 0 PBST:HIh1»^, 200{£#fRLfcAlexa Flour™ WM^Xtt, 
^+J-=3rIg(G+H) (Molecular Probett) ZmtTMUX'imfflJ 3 > L 

tzo PBS-e=[§]^^, ^ ^-v7±7-r+f-LASiooo (g±^^;i/A) -e 
m ti tz * <i $ -©$§m 3 (i ^ -r .. 





9>r*- (pfu/ml) 


SeV18/SEAP 


3.9X109 


SeVNPP/SEAP 


4.7X108 


SeVPM/SEAP 


3.8X109 


SeVMF/SEAP 


1.5X1010 


SeVFHN/SEAP 


7.0X109 


SeVHNUSEAP 


7.1X109 



LLC-MK2«£6well 7"U- h Klwell&fc l~5xl0 5 cellsiTofl^ 24ff^ 
Jg*Lfe^ : &'>'1';i/^-<^^-^moi=2«^^24«^tg«±^$:100/zl 0 
JRU SEAP:Fyte^£fi : o£o T y -fe ^ (^Reporter Assay Kit -SEAP- (Mftffi) 
t:ffl\ ^-^T^v^lf-LASIOOO (S±7^A) tr^U/io Mfe 
TOSeV18VSEAP©fI£100£ L«ft^ft*g^£ LTllLTco 04 
8 £ * L £ ^ T ft©&g C SEAP«£^ £ W X L & SEAPrSf* tti £ h tz 

o SEAPMfctt^A©T^f3ft8<r Sf^otTi 5 ^ t&fc^3£*#T#o 
TV^d^tffcfrofco NPMlS^P^fc?©P B ^SEAP5I£?£^AL£:*§ 
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£Kfci\ NP5tfi^0±^(lSEAP«fc^ ZftXLtz^W-t, Pilfer tmfc? 

mmm 1 6 ] yrnK^M-mmmmmmz j;3££sevjf ^/j*©ir]± 
m&m ^x t ^^)SeV'j7-(' ®mmm%x&, T7 rna* y p< ^ ~e fc&js-r **a 

aa**— sp^5E« iTi'D, s«»sff o fc-suoiBua-e •> -f ;u^#Jtfi-r a c: 

btlXUZ, (Lamb and Kolakof sky, 1996, Fields virology, pll89) 0 -^tiiftFHN 

»M«©i^iit*feofco ztibnmmmztitzMmzmziz 
x©@iR^*f^±t-sc:h^r-#5h#^fcoFHN^3i^^^p^am& 

10cm|fflJiatg#m(;i00%3 >7 1/ > hfcfcofeLLC-MK2«|JS (lxl0 7 /dish)£ 
PLWW-MS7^>-T£moi=2T*^S(3£^T^ 1 BSRB&x d2EGFP£f*«-r 3 
FHN^&cDNA (pSeV18 + /AFHN-d2GFP (Hl§0iJ8) , pGEM/NP, pGEM/P, pGEM/L, 
pGEM/FHN£ Zti^tls 12^g/10cm dish, 4//g/10cm dish, 2/zg/10cm dish, 4ju 
g/lOcm dish, 4#g/10cm &ish<DMit"CfB& L (final vol, 3ml/l0ci dishK jg 
SuperFect(QIAGEN)*ffl^Tx tux& Lfc F&fc-W frZOftM^kt 

mmKfi&xiLc-mmmz&fcTmxLtzo&teTmx 3 w#i«£M?itg 

Jfi^3iaas#U fg^ji^(1000rpm/2min)T*iij^nfe«^IlJRbs vhy>/? 
-D-77ty 7^7 ^ h* (AraC)40>ug/inl, SIGMA), K U 7y >(7.5//g/ml, GIBCO) 
$:^t?©#Slto?iMEMi$Jte(C5^^| U> IfflflS tin —B^in# L/ioS'J^tCffl^ L^: 10cm 
^*-bT-100%3>7 ^> Hl&^fcFHN^g3raj§£T7V ^ ;i/7AxCANCre 
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&M0I=10-e«aB#^ 4ISIHU 6M, 8B#RB, 2Bi> 3Ba©aWI&£*ft*ft5ml 
PBS(-)T?— H18fci$U cell dissociation solution (SIGMA)tZ J; lOMMZMft L 
xig7i5i^(1000rpiii/2min)-eiilja^*to,AraC(40/ig/ml, SIGMA), hU7°^>>(7.5 
//g/ml, GIBCO)£^tf©M^Mtgtfe!ie$U FHN±t^£-^ 
tzMM (PO) J3)!jD;L-BfctgltLfco 3fflM/l&2 BgT^ilM-em^il^ 
U MtC^^SGFPO^T-^^^^ffiJK^tl^fiieLfec HI4 9 tz 

*Ltzo «M^^»I^ (£) tit^ W^llLfel^ (£) & 

mil £ titzMMcoft&mmmMi&ftmMiz % < r& ntzo z n ^ ©«s huk 

U 10 7 M/mlOOpti-MEMigtifc (Gibcol)t;M U 3IU^itgl tfc^ -b- h 
£UIS!£U ^5ISf#bT2B^©FHN£&gi«K10 6 cells/100#l/well«U 
AraC (40//g/ml, SIGMA), h I) 7"^> > (7.5^g/ml, GIBCO) ^tfCDMrlMEMtg 
«TC, 37°C 5%C0 2 d->^J-^-^-t:2Br^#bfcPl«tg*±^©^'f 
£«CIU-GFP-£$iJ£L£ (^4) D FHN^3Se^4B#P^ld:^^;i/X 

fsb^ntzo^, ?imM±M*izmft£titzV'( jiziz6mmik(Dmffimmt2> 

IE 4 y^l/^^AF-HNHflJ^Sg^iZiS^SeVti^I 

GFP -CIU xl0 3 /ml 

FHNcell+ad/cre 

FHN cell- 4h 6h 8h 2d 3d 

8-10 6-9 80-100 70-100 60-100 20-50 
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w-nmfc^fmzmn u fc±iE -r mx^m? &z>z.t*s m&M&m 
ft &© * > sm&aj * ft 5 *> © ©^ > X z £ ft& a»o fc - £ *^ 

, fK$;mz-&ZZ£ifiWm2tltz (150), 
y4t?4)V7> (DtfiVSmfot cfc s jgffeft ©f£ v 

fit»*fi^U M"e30#IMtSL VSV-Gfe»#»3Hbt^ft^LLCG-LUWfiC* 
*U 4BB©*fi : F*AIB*GFPfS3Saeie©W*R"eW^feo F£«fctf 

VSV-G) (is t/tVSV^-tJJSSSttO^^ftiqilW^Btt^ft*:^ **®9\>&*%t 
tHJVZ (0* F.HN) "ettWffltfBto&ft&frofc (05 l)o 3© 
:i:*?>, *H»J tf f# & ft fc £ -r ^ * *^ fttt C VS v-G * > / ■? * « £ £ -f a a 

F£ J; TJFMmfc?*k$: L tz>7 J A £ m t £ v a - h* * 4 r-fe > ^ * 4 © 
#H*3R * fr o *: o20~60%© ^ 5 ^ x > h £ ff2Jj££ S/ a tUfr^ 
£±g£-tN SW41D-*- (Beckman) T-29000rpnk 15M6l$iajS3£'&£f?ofco 
-70Jfi&fcrt*Wtt* 77^ya>3l/ £*-T-300;Ul-f b 

s ftftCVSV-G* W1 * H^^-r a ^ J- - h* * «Y 7*©-b > ^ 4 to* % Z 
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^fzo Z<Dm$L, ¥&&&<Di'3.-F9>(7-k>y4t?4)]'Z"e\*. ^>V4^4 

a-^^t>y^^b7t!t -t>*v <iM;u7S&©* wi7«s VSV- 
G*>^7K&l^7 7 7:>3>t3|&ffi£ft£&©<7X F£cfctfflN* W^Kfif&ti! 

& 5 ft (H5 2)o 

[mum 2 o] Fi§e^i:F43j;7jHNiie^^^tfe'7 , 7 Aft*-ra^i~K 

•g\ 30g(ii% h l J^l^aii^ii?g^iPx.4 o c-e30^m^^ GFP*»JRLfcJB**IB 
J!£M£ifgL£o *©ISJk F5t£?£*fcbfc'7V (SeV/ 
AF N *«fcWSV-GT^i-Kflibfc SeV/AF(VSV-G)) ^a-^^7t>^-) 

Jfo#;g§Tt>S©#?tfg£ft7co -Tax F£cfctMNS£?££&bfc^7 A£W"T 
5^i-FN7t>^7^^ (SeV/AF-HN(VSV-G)) T*«\ iS$JllllB±£ft 
*«:£<je§T^&^£fc#t|l!£frfcfcofc (153), 
[»J2 1] Fitfc^£&£bfc77A££t3VSV^>i-F*^7^>^ 

>r *? 4 )v 7 tz § tg#^ia^©^^^^tt 
jg«SHi!S^® f & b y 7 a **r -r s vsv-g-> a - k * -r r-t > ^ 

i:**o^«&wr s-tr •> -f ^7T\ mm b*iM* 
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54)0 

[^M^J2 2] mYmm^mmLtz?^m^>9'4 -owm 

<NGF/SeV/AFO^<gs£> 

\z^xn-otzo 

<NGF/SeV/AF© t> J )W V J A«£I?>(RT-PCR)> 

NGF/SeV/AF ^^W^yA (H5 5±) £5£ElT££#\ LLC-MK2/F7«*^ 
I)iK£ft7cig#±?i£ji<l>l,7c^ QIAamp Viral RNA mini kit (QIAGEN) T*^© 
7D hD-;K3^oTRNAJftai^ffo/io d©RNA£ SUPERSCRIPT™ ONE-STEP™ RT- 
PCR SYSTEM (GIBCO BRL) ta ?)RT-PCR©x>7*l/- h^&cfctFPCRSrfirofco 
tt!?3Sf&, ttin^SeV cDNA (pSeV18* b(+)) (Hasan, M. K. et al., J. General 

Virology 78: 2813-2820, 1997) £ffl^7c 0 PCR7"7 -< x 7 — (iNGF-N£:NGF-C£:ffl 
OTfTofeo NGF-N(;o^T(i^ 7*9-K : ACTTGCGGCCGCCAAAGTTCAGTAATGTCCA 
TGTTGTTCTACACTCTG : 3 3), NGF-CfcOl^Tttx DM-* : ATCCGCGGC 

CGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGTCAGCCTCTTCTTGTAGCCTTCCTGC(@B^J#-^ 

: 3 4) £te/BLfco HGF-NfcHGF^fc*77>fv-£flJOfe»£fck R 

T^ftTT*NGF/SeV/AF{iNGF(Z^M^*^*> K#tta«*ftfc.#JB#fcliM> Fli 
fctfj^ftfcfrofc (EI 5 5T)o 
[H»J2 3] MGFae^&jSttLfeF^^SSeVOlBMIftftCftStSMGFfi 

6©£*£in vitro?S»l£ 
«St>"NGF^fi©^^(i> jS&10cHfl&VWifig6cia7*U- r nonconfluent 



X 
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£ if m £ # tz LLC-MK2/F ft ^ it LLC-MK2 HJgftJB^TfTofc. NGF/SeV/ A F , 
NGF/SeV/ A F-GFP (iLLCMK2/F MCI, NGF/SeVSV GFP/SeV(iLLC-MK2MtI 
m.o.i. 0.01t?J»lfi!**s 7.5/ig/mL©Trypsin (GIBCO) ££2Mfitff£££fc^MEM 
WC3BMlS*Ufco 3B^(f^l00%©fflflS* s ^L7c^(lx TrypsinWM£ 
±t t £ £ & t ^MEMtgJfe £ lj| L K C 3 B IB** L fc o * n n <0«*± ji * EI JR t 
, 48,000xgiiT60#ii«, ±?»lZO^rNGFaa©^*SU c in vitror§t£$J£ 
Zfi^tzo *nMmz~i£, F^£I>SeV (NGF/SeV/AF, NGF/SeV/ A F-GFP) (HI 5 5 
#KU *LLC-MK2/FfMgfcflSlfii$*-Cl»S^ it m.o.i. (^Jx(fl^V^i3) £® 

tot* & pi«©^*&^-rii»*ff 5 3 #t- s § o 

NGFgS©^fi(iELISA KitT-&3NGF Emax Inununo Assay System (Promega) £ 
fljfflbfco 7U hn-;KiW^»©Ji^(I^^feo NGF/SeV/ A F, NGF/SeV/ A 
F-GFP;&?JNGF/SeV©^Mig#±^*t3{±^ft^ft 32.4//g/mL, 37.4//g/mL 
£7J 10.5/;g/mL©NGFMS©#£«l?>£ft7co NGF/SeV/ A F, NGF/SeV/ A F-GFP 

m*<Dm¥m&m.t mufezfr t> * F^ssevti £-ox& +#s©ngf©ss3i#& 

NGFMa©invitrorSMJ^(i^ -7 h U©M#MT&£mmi£l5©*MW 
mMmfrm%m%?<D£&m&mV£Zim£fi^tz (Nerve Growth Factors 
(Wiley, New York), pp.95-109 (1989)) 0 SS^lOBifr©-? h DJEJ: M##2 
g|5^Stt) ill 0.25% Trypsin (GIBCO) T37°C 20^-M^^iC tfco lOOunits/mL 
©penicillin (Gibco), lOOunits/mL© streptomycin (Gibco), 250ng/mL© 
amphotericin B (Gibco), 20 ju M © 2-deoxyuridine (Nakarai), 20,aM©5- 
fluorodeoxyuridine (Nakarai), 2mM L-glutamine (Sigma)St>*5%©Jfil?i&^t?ra 
^n-*©D-MEMtgife£$fflU96-well:7>- Hllwell&fc ^5000{@©M 
mjST*^«^»Lfeo7"U- Mipolylysinu- h L£96-well7V- h (Iwaki) 
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ftJEiZlaninin (Sigma) To-hLt*iLfco tg*»B#(m > h u-)ix& 

X*m&&WLmtZ>tmz, Alamerblue (CosmoBio) SiiOU h 3 > K V Ttlcfc 
SM7GrSi4£Ji*I£ LT (530nm«£ L/i590nm©im&Jt£$'J£) 
AZfi^tzo =r>hD-;i/ (NGF^ML) StfSeV/ttftlM-GFP (GFP/SeV) ©fg 
^M#±vi©^P (1/1000WJ -ei±[WIM©^W*^-r^^^T-feo 
NGF/SeV/AF, NGF/SeV/AF-GFPSt>'NGF/SeV©^^iBliS^#±«^?§*n ( 

i/iooo#^) tixihiij: m^^7 l e§iJSo±#^i 1 e>tL4mw^<^ 

#iN£8?Stt£WLT^3M»r£ftfc (0 5 6)c ^LT, ^©{iteELISAHJ; t> 

feNGF^ e momwz mmt % $jjht*& o tz 0 mm® z t tmwmTxum 

Efc«*3*U NGF/SeV/AF, NGF/SeV/AF-GFP&7JW/SeV©«iSfflfl§ig»±?i£ 

»-r-5d^(3j:D> ^«ifi«©iiiipfc»*«i:^je#S3!i j «**nfc (057) 

o IP*>, N6F«*F^^SSeV©{S^{Z«fco"t«3S$nSNGFtt?SttSi:L'C«aL 

[M2 4] F^Mflg©g£«8¥#f 
1) Adeno-Cre£>moi£S§*BffM| 
»3&5Adeno-Cre©moi*ffio-rLLC-MK2/F(3jS5lfi!^*Fge©«a*8l#Lfe^ 

moi=10^^rtib^moi=100Jl^^S^^Ii^ofcA5 (05 8), H#^6h 

moi=i> 3, 10, 30, mxfflmzm&Lxmm<DBm%itzmftmzm% 
LtzfiK mi=mxizmi&mizm%<Dm&m&<oft%ti>^tzii i . ioi=3ow±{c* 

5Mfillll«^f; (05 9), 
2) 

LLC-MK2/F(Z^ L T Adeno-Cre{£ -z> X?m 6 0«3gS BM LXfrt>m£xmttL 
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m t x 20ft s T- mit t ifflss f s a ©#s #s & u - if - iikm * « ^ t 

LLC-MK2/F*ffll®£Aft, -lftJS#bfcgL 0 B££PBST— @]*$t& bTfr*> 

, 3.7%©Formalin-PBSt5^F^@^tfeo PBS^«£-[I]&&b£&s 
0. 1% Triton X100-PBST-5^^M b T , tJtF^ fi y £ p r -236 )( 100 

fgfcSO ^FITC|giaUJ^lrt^it^IgG^(200^)©ji^m*M bt> S&tC 

pbst*^ bt b — v-mm& $> otiiifeo 

o nmrnzbs ^Lxseycomm^t^mmz^mm^m^mm^tit^-otzo - 
i5MXE^xmiXLtcmm^^^xmmm(D¥m&(D^^u^m^tzt 

[Hififll 2 5 ] GFP-CIU^j/LSeV-CIU£©*IWM^ 

2««©*St:«t5CIU (Cell-Infected Unit) ©«!l;&g*&fflHWffi*Si^fc 
o LLC-MMJJ§£2xl0 5 cells/dislrt?12well-plateKii§^ 24B#fgf£#gL jftifltf 
*^ * & V >MEMJ£ife-e 1 b fc&x SeV/AF-GFP & 100// 1/wel 1 X « b • 15 
M$:^*^V>MEM^«l^lml/wellj!lD^> £ <=>£24B^Jg#bfco Jg#^ 

PBS(-)T-3Ei^bfe^ «na*ft«**(wio«"-i5^fiMK mmzmfet 

T-fch>£l m\/ueUmz.m*>lz%li9m%, mflS*£ttfe(l&10#~15 

Jrt#:(DN-l)^300/zl/welliDX> 3rCT?45#IBK V^x^- r bfcgL PBS(-)T"3 
®ffi#U PBS(-)^200^#f?b/iJa^l7-^IgG(H+D)^«-^^ (Alex™ 
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568: Molecular ProbesttlO£300>ul/well]!)0*> 37*CT-45#H'f >*j-^- h L 
tzo PBS(-)r'30^bfcfts mtWMMT (Emission: 560nm, Absorption: 645nm 

nmtLX SeV/AF-GFP £100// 1/wellt'^ U5#it, lfil*i£^£ ftl^MEM 

£ i mi/weiiip^, $ t>\z2mmmm&, \?m®mft*fiti?imM*mftmm 

MT (Emission: 360nm, Absorption: 470nm7 ^ ;i/*-: 7 << *ttS!) -CGFP263I 

i^#c7)^7t^^^S{bbTil^^Mtfch^5^ Aff«cliH&^Ufc (HI 
6 2) 0 

[HWJ26] •?)ll L >7U-=.>?*M VOttSl 

1) *>yjVJ)lZ (SeV) £:H>7V AcDNA, pSeV18 + ©cDNAO^V A *©^ < 

4 v*&Mfc?(D7>?-hi'7J-)ithTmmm!£i/Pj-)\'<DmzmALtzo 

2) -f-eM3lLfcSeV^*-cDNA(- n-^>^it^ hlB3»J£:te^§J& 

1) CD«£s mXfimt LZ\Z£?, pSeV18* £Eag IT*$<b (2644bp 
K ClaltfiSftiLfcBftt (3246bp), Clal/EcoRI-CffiflibfcWtf (5146bp). 
Eco RIT'^fbbfeifit (5010bp) £*ft^ft7#P--*mfiMjT-#gts 

KfetSDDaiU QIAEXII Gel Extraction System (QIAGENftJSO T*[UJK • iff 
MLtzc Eag I^$fcL,fcWtfliLITM0S38 (NEW ENGLAND BIOLABSttfiK Cla It 
^btfc»rK\ Clal/Eco RIT*#Hb Ufc»rtf\ StfEco RIT-${b L fcBffrtt 
pBluescriptll KS+ (STRATAGENBttS!) £-7* $*-S/a > U ^y^D-->^L 
fco lfcV>TiWIRil*iJ"-f b ^ ^ . ^Atl&Quickchange Site-Directed 
Mutagenesis kit (STRATAGENEftS) fcffiofco 

fflmMMVJ hOft&CliSal I: (-b>X0l) 5' -ggagaagtctcaacaccgtccaccc 
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aagataatcgatcag-3' (EJMOT : 3 5), (7>f-fe>XfO 5' -ctgatcgattatctt 
gggtggacggtgttgagacttctcc-3' (BB^JS^ : 3 6), Nhe I: (-fe>XiI) 5'-gtat 
atgtgttcagttgagcttgctgtcggtctaaggc-3' (K?'J#^ : 3 7 ), (T>^-b>XlI) 
5' -gccttagaccgacagcaagctcaactgaacacatatac-3' (IE?!]!!-?" : 3 8 ), Xho I : ( 
-b>X^) 5'-caatgaactctctagagaggctggagtcactaaagagttacctgg-3' (ffifllfMj : 
3 9), (7>^-fe>^^) 5'-ccaggtaactctttagtgactccagcctctctagagagttcattg 
-3' (mnm^ : 4 0), £fc»JRBI***AKttNP-PIH : (-fe>XfJO 5'-gtgaaagt 
tcatccaccgatcggctcactcgaggccacacccaaccccaccg-3' (BS^JS^ : 4 1), (T>5 L 
-te >*$!) 5' -cggtggggttgggtgtggcctcgagtgagccgatcggtggatgaactttcac-3' (IB 
BIS^ : 4 2), P-MP^ : (-b>*$0 5' -cttagggtgaaagaaatttcagctagcacggcgcaa 
tggcagatatc-3' (SE?!l#^:4 3K (7>f^>^i) 5' -gatatctgccattgcgccg 
tgctagctgaaatttctttcaccctaag-3' (E^'JS^ : 4 4), M-FP^ : (Hr>^il) 5'-c 
ttagggataaagtcccttgtgcgcgcttggttgcaaaactctcccc-3' (@E?!JS-^- : 4 5), (T> 
^■■b >^fl) 5' -ggggagagttttgcaaccaagcgcgcacaagggactttatccctaag-3' (SS^JS 
^ : 4 6), F-HNPh) : (-fe>*fl) 5' -ggtcgcgcggtactttagtcgacacctcaaacaagcaca 
gatcatgg-3' (IB5W§: 4 7), (T>^-t?>XtJO 5' -ccatgatctgtgcttgtttgag 
gtgtcgactaaagtaccgcgcgacc-3' (EBIM : 4 8), HN-Lfffl : (-fe >*fl) 5'-ccc 
agggtgaatgggaagggccggccaggtcatggatgggcaggagtcc-3' (IB^JM : 4 9), (T> 
^•fe >^H) 5' -ggactcctgcccatccatgacctggccggcccttcccattcaccctggg-3' (SH^'J 

«: so) s^n-en^jsEbSJtscfflv^fc, m*&* *n**i©»rtf &±I3PJ 

*HEIJR-»»U cDNA£T-b>^'j Ufco 

2) ©i§£\ (-b>^^) 5'-ggccgcttaattaacggtttaaacgcgcgccaacagtgttgataa 
gaaaaacttagggtgaaagttcatcac-3' (IE?'J#^ : 5 1), (7 7 >f-b>^II) 5'-ggc 
cgtgatgaactttcaccctaagtttttcttatcaacactgttggcgcgcgtttaaaccgttaattaagc-3' 
(SB?'J#-f : 5 2) ££fi&U *ft*ft©£fi5DNA* U >»fl3 U 85°C 2#, 65 
°C 15#, 37°C 15#, g£ 15^-T-/'-- 1 ; SeV cDNA^H*iitf 0 <fc& 
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UipUC18£fctipBluescriptII3?CD T;i/f-£D-^>^+M h ^m^>if±)V- 

&m&£ntzo*mm,^'(i-x mm t? 4 » * £ t u & he < b to* 
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1. (a) I ZVMt>4 )lZ(D'J>-&< £b—o<D^>'<u-'79>rt9K 
N *«tV (b) & (-) «-*«HNAi:IS'&-r5^'W^HN *»e>ftSffi^i**^ 

2. (-) ii-*iirna^np^>^^», p*w^* &&m*>/V7n*% 

3. (-) 0I-*WA*^^3®L^^cto{3»^nfc^>^D-r^>7^ 

4. VSV-G* W^H£^t?^ S^JII* 4 ^ 3 tfBtt©^^^-o 

5. (-) m-*mtk&-b>y4 1<< )wz&%tz>, ^lMl^^4©v^1 i 

6. (-) m-*mm&$ t>\zft&mfc?*?-\: lz^z. mxmifrzs 

(a) ^ v^^X©^ < i:*-oox>^n-7^w^I^^I 

\zmxbzmm$vzz.m, 

9. iimi*^ 6o^ttiMzmm(D^^ t-om&umz&^z. 
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10. it (b) \z&rt 2>mm<Dt%m*K *>s<a-7?>^?nz%mtz> 
mut commr-& a, ii^im 8 £ tzit 9 me®©^,, 

11. ig (b) tzfe[j-5W©tg#(z^^T^ ^>^n--r^> 

12. «^3H-i.^>^n-r^>/^R©/>^< huIB (- 

1 3 . >^D -7* l-o#VSV-G* 
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i5> .i!V 



#### 



a a o' o' 
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03 




SeV virions 
LLCMK2 

LLC/F7-trypsin 
LLC/F7+trypsin 
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anti-F 



anti-T7 




1 LLCMK2 

2 LLCMK2/F+ad 3rd 

3 LLCMK2/F-ad 

4 LLCMK2/F+ad 3d 

5 LLCMK2/F+ad 3d/Vac Id 

6 LLCMK2/F+ad 3d/Vac 3d 

anti-F 




123456789 10 11 



1 : LLCMK2 
2: LLCMK2/F+ad 
3: LLCMK2/F+ad 
4: LLCMK2/F+ad 
5: LLCMK2/F+ad 
6: LLCMK2/F+ad 
7: LLCMK2/F+ad 
8: LLCMK2/F+ad 
9: LLCMK2/F+ad 
10: LLCMK2/F+ad 
11 : LLCMK2/F+ad 



Id 

3d 

ld/AraC Id 
ld/AraC 3d 
ld/Vac Id 
ld/Vac 3d 
ld/AraC+Vac Id 
ld/AraC+Vac 3d 
ld/CHX Id 
ld/CHX 3d 




1 23 4 56789 10 

7 CV-l/F-ad 

8 CV-l/F-ad 3d 

9 CV-l/F-ad 3d/Vac Id 
10 CV-l/F-ad 3d/Vac 3d 



anti-F 




1 2 345 67 89 10 11 



1 : 

2 : 

3 : 
4: 
5: 
6: 
7 : 
8 : 
9 : 

10: 
11 : 



CV1 

CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 



Id 
3d 

ld/AraC Id 
ld/AraC 3d 
ld/Vac Id 
ld/Vac 3d 
ld/AraC+Vac Id 
ld/AraC+Vac 3d 
ld/CHX Id 
ld/CHX 3d 
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LLCMK2/F sup \Z £ & >S Jfc 




LLCMK2 sup Id ct £ 
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1 1 



4^ 



Wt SeV 



dFGFP 



SeV(wt) 
RT(+) RT(-) 



SeV/AF-GFP 

, , RT(+) RT(-) 

I M I I 1 I 1 



123123 123123 





1: 
2: 
3: 



+18-NP, +I8N0UIM hOffffiOflIB 
M-GFP, GFPat^d^FJtfi^^aaJffiC^ffiOlIB 
Fgene, FJtfe'f ©#ffi©*B 
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1 2 
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1 3/6 2 



113 



J, F gene 

^E£>[^>Dg>[BS> | l > SeV (wt) 

2.M/GFP 

L ~> AFGFP 




Primer 

Set AFGFP F/AFGFP GFP/SeV SeV (wt) 
1 - " + ~ + 



2 + + 
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1 5/6 2 
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1 6/6 2 



1 6 



cntrl/a c-kit + - 
cntrl/a c-kit - - 
GFP-wtSeV/a c-kit + - 
GFP-wtSeV/a c-kit - 
GFP-dFSeV/a c-kit + 
GFP-dFSeV/a c-kit - 




cntrl/a c-kit + - 
cntrl/a c-kit - - 
GFP-wtSeV/a c-kit + 
GFP-wtSeV/a c-kit - - 
GFP-dFSeV/a c-kit + - 
GFP-dFSeV/a c-kit-" 



in 
d 



LO 



CSJ 



□ PE+/GFP- 
H PE+/GFP+ 



□ PE+/GFP- 
(H PE+/GFP+ 



in 
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mi 8 



A 



LLC-MK2 LLC-MK2/F7 




1 2 3 4 5 6 



6 2 



LLC-MK2 LLC-MK2/F7 




7 8 9 10 11 12 
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1 9./ 6 2 

mi 9 



C 

mmmmmmm (P2> 

Dilution(#f?) 

2 13: Htt#*& F%W®M<D%£±mQane 6)llLfc . 
g 14:&&M&8, PBS 

is i5:}^m&<nmm&Qaneiim^nmzn&m\stz (P2) 

32 

54 16:HAmt©»S^(lanel2)^WS5P^f?SaLfe (P2) 

128 
•256 

13 14 15 16 
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2 1/6 2 



2 1 
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2 2 



2 2/6 2 



F ► 



HN 




LLC/VacT7/pG EM/FHN 
LLC/VacT7 
LLC/FHNmix 
LLC/FHN 1-13 
LLC/FHN 2-6 
LLC/FHN 2-16 
LLC/FHN 3-3 
LLC/FHN 3-18 
LLC/FHN 3-22 
LLC/FHN 4-3 
LLC/FHN 5-9 
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2 5/6 2 



2 5 
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2 6/6 2 



2 6 



M-GFP 




RT +- + - + - +- 
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2 7 



2 7/6 2 



M-GFP M-L 



< 



2 



RT H h - + - + - 
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02 8 



2 8/6 2 



1 

Si 



H 



10000000 - 



1000000 




100000000 



- 10000000 



- 1000000 



- 100000 



- 10000 



1000 



s 



•ON 

V 
K 

— s 

V 
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02 9 



□ 


pGEM-Luci 


n 


minigenome 




minigenome 


• 


titer of V.V. 




Omin. 15min. 20min. 30mir». 
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3 0/6 2 
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ms 1 



3 1/6 2 



1000 



<D 

o 
o 
CO 

c 
o 



CO 

c 
o 
o 

GC 



100- 




d2 d3 d4 



-O- 

-o— 

— 



0 min 
15 min 
20 min 
30 min 
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3 2 
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^3 3 



1 2 3 4 5 6 7 8 



..... C'^> 



^w.- ****** ****** 




(kDa) 

97 
66 

I- 45 



-31 



21.5 
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3 5 



vsv-g mm 



MOI 
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03 6 



vsv-g mm 
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m3 7 

Envelope 
VSV-G F, HN 



1/2 



1/20 




genome: SeV(+18)/AF:GFP 
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3 8 



VSV-G 



+ VSV-G 
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<110> DNAVEC Research Inc. 

<120> Paramyxovirus vectors deficient in envelope genes 

<130> D3-103PCT 

<140> 
<141> 

<150> JP 1999-200739 
<151> 1999-05-18 

<160> 52 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Sequence 
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<400> 1 

atgcatgccg gcagatga 

<210> 2 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 2 

gttgagtact gcaagagc 

<210> 3 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 3 
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tttgccggca tgcatgtttc ccaaggggag agttttgcaa cc 42 

<210> 4 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 4 

atgcatgccg gcagatga 18 

<210> 5 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 5 

tgggtgaatg agagaatcag c 



21 
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<210> 6 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 6 

atgcatatgg tgatgcggtt ttggcagtac 30 

<210> 7 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 7 

tgccggctat tattacttgt acagctcgtc 30 

<210> 8 
<211> 21 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 8 

atcagagacc tgcgacaatg c 21 

<210> 9 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 9 

aagtcgtgct gcttcatgtg g 21 

<210> 10 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 10 

acaaccacta cctgagcacc cagtc 25 

<210> 11 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 11 

gcctaacaca tccagagatc g 21 

<210> 12 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<220> 



WO 00/70070 



7/25 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 12 

acattcatga gtcagctcgc 

<210> 13 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 13 

atcagagacc tgcgacaatg c 

<210> 14 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 
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<400> 14 

aagtcgtgct gcttcatgtg g 21 

<210> 15 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 15 

gaaaaactta gggataaagt ccc 23 

<210> 16 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Priier Sequence 



<400> 16 
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gttatctccg ggatggtgc 19 

<210> 17 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 17 

gcgcggccgc cgtacggtgg caaccatgtc gtttactttg accaa 45 

<210> 18 
<211> 80 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 18 

gcgcggccgc gatgaacttt caccctaagt ttttcttact acggcgtacg ctattacttc 60 
tgacaccaga ccaactggta 80 
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<210> 19 

<211> 41 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 19 

ccaccgacca cacccagcgg ccgcgacagc cacggcttcg g 41 

<210> 20 
<211> 41 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 20 

ccgaagccgt ggctgtcgcg gccgctgggt gtggtcggtg g 41 



<210> 21 
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<211> 40 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 21 

gaaatttcac ctaagcggcc gcaatggcag atatctatag 40 

<210> 22 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 22 

ctatagatat ctgccattgc ggccgcttag gtgaaatttc 40 

<210> 23 
<211> 43 
<212> DNA 



WO 00/70070 



PCT/JP00/03195 



12/25 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 23 

gggataaagt cccttgcggc cgcttggttg caaaactctc ccc 43 

<210> 24 
<211> 43 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 24 

ggggagagtt ttgcaaccaa gcggccgcaa gggactttat ccc 43 

<210> 25 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 25 

ggtcgcgcgg tactttagcg gccgcctcaa acaagcacag atcatgg 47 

<210> 26 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 26 

ccatgatctg tgcttgtttg aggcggccgc taaagtaccg cgcgacc 47 

<210> 27 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
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synthesized sequence 
<400> 27 

cctgcccatc catgacctag cggccgcttc ccattcaccc tggg 44 

<210> 28 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 28 

cccagggtga atgggaagcg gccgctaggt catggatggg cagg 44 

<210> 29 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 
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<400> 29 

gcggcgcgcc atgctgctgc tgctgctgct gctgggcctg 40 

<210> 30 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 30 

gcggcgcgcc cttatcatgt ctgctcgaag cggccggccg 40 

<210> 31 
<211> 74 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 31 

gcggccgcgt ttaaacggcg cgccatttaa atccgtagta agaaaaactt agggtgaaag 60 
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ttcatcgcgg ccgc 74 

<210> 32 
<211> 74 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 32 

gcggccgcga tgaactttca ccctaagttt ttcttactac ggatttaaat ggcgcgccgt 60 
ttaaacgcgg ccgc 74 

<210> 33 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 33 

acttgcggcc gccaaagttc agtaatgtcc atgttgttct acactctg 



48 
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<210> 34 
<211> 72 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 34 

atccgcggcc gcgatgaact ttcaccctaa gtttttctta ctacggtcag cctcttcttg 60 
tagccttcct gc 72 

<210> 35 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 35 

ggagaagtct caacaccgtc cacccaagat aatcgatcag 



40 
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<210> 36 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 36 

ctgatcgatt atcttgggtg gacggtgttg agacttctcc 40 

<210> 37 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 37 

gtatatgtgt tcagttgagc ttgctgtcgg tctaaggc 38 

<210> 38 
<211> 38 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 38 

gccttagacc gacagcaagc tcaactgaac acatatac 38 

<210> 39 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 39 

caatgaactc tctagagagg ctggagtcac taaagagtta cctgg 45 

<210> 40 
<211> 45 
<212> DNA 

<213> Artificial Sequence 



WO 00/70070 



PCT/JP00/03195 



20/25 

<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 40 

ccaggtaact ctttagtgac tccagcctct ctagagagtt cattg 45 

<210> 41 

<211> 52 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 41 

gtgaaagttc atccaccgat cggctcactc gaggccacac ccaaccccac eg 52 

<210> 42 
<211> 52 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 42 

cggtggggtt gggtgtggcc tcgagtgagc cgatcggtgg atgaactttc ac 52 

<210> 43 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 43 

cttagggtga aagaaatttc agctagcacg gcgcaatggc agatatc 47 

<210> 44 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 
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<400> 44 

gatatctgcc attgcgccgt gctagctgaa atttctttca ccctaag 47 

<210> 45 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 45 

cttagggata aagtcccttg tgcgcgcttg gttgcaaaac tctcccc 47 

<210> 46 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 46 
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ggggagagtt ttgcaaccaa gcgcgcacaa gggactttat ccctaag 47 

<210> 47 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 47 

ggtcgcgcgg tactttagtc gacacctcaa acaagcacag atcatgg 47 

<210> 48 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 48 

ccatgatctg tgcttgtttg aggtgtcgac taaagtaccg cgcgacc 



47 
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<210> 49 
<211> 49 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 49 

cccagggtga atgggaaggg ccggccaggt catggatggg caggagtcc 49 

<210> 50 
<211> 49 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 50 

ggactcctgc ccatccatga cctggccggc ccttcccatt caccctggg 49 

<210> 51 
<211> 72 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 51 

ggccgcttaa ttaacggttt aaacgcgcgc caacagtgtt gataagaaaa acttagggtg 60 
aaagttcatc ac 72 

<210> 52 
<211> 72 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 52 

ggccgtgatg aactttcacc ctaagttttt cttatcaaca ctgttggcgc gcgtttaaac 60 
cgttaattaa gc 72 
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DESCRIPTION 

ENVELOPE GENE-DEFICIENT PARAMYXOVIRUS VECTOR 

5 Technical Field 

The present invention relates to an envelope gene-deficient 
viral vector of Paramyxoviridae. 

Background Art 

10 In many clinical approaches of gene therapy until now, viral 

vectors from retroviruses, adenoviruses, and adeno-associated 
viruses have been used. These gene therapy vectors have limitations 
in gene introducing efficiency and persistent expression, and also 
have cell toxicity, and immunogenicity , which are crucial problems 

15 when it comes to the medical application of these vectors (Lamb, R.A. 
& Kolakofsky, D . , Paramyxoviridae : the viruses and their replication. 
in Fields Virology, 3rd edn, (Edited by B. N. Fields, D. M. Knipe 
&P. P. Howley) pp. 1177-1204 (Philadelphia, Lippincott-Raven (1996)) . 
Novel vectors based on lentiviruses and HSV have been proposed as 

20 countermeasures , and extensive research is also being carried out 
to improve existing vectors. However, all of these vectors exist in 
the form of DNA within the nucleus throughout the life cycle. 
Therefore, it is difficult to fully overcome concerns of safety 
related to random interactions with the patient's chromosomes. 

25 Recent rapid progress of reverse genetics technologies is 

making it -possible to develop vectors based on RNA viruses, the 
development of which has been long delayed. Recombinant. RNA virus 
vectors show high gene introduction efficiency and expression 
capability, and thus show a very high potentiality as vectors for. 

30 gene therapy (Roberts, A. & Rose, J. K. , Virology 247, 1-6 (1998); 
Rose, J., Proc. Natl. Acad. Sci . USA 94, 14998-15000 (1996); Palese, 
P. etal., Proc. Natl . Acad. Sci . USA 93, 11354-11358 (1996) ) . However, 
practically usable paramyxovirus vectors derived from deficient type 
genome of attenuated viruses have not been reported yet. 

35 Paramyxovirus vectors having negative-strand RNA as the genome 

have several characteristics significantly different from 
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retroviruses, DNA viruses or positive-strand RNA virus vectors. 
Genomes or antigenomes of negative-strand RNA viruses do not directly 
function as mRNA, so they cannot initiate the synthesis of viral 
proteins and genome replication. Both RNA genome and antigenome of 
5 these viruses always exist in the form of a ribonucleoprotein complex 
(RNP) , so they hardly cause problems caused by antisense strands, 
such as interfering with the assembly of genome to RNP due to mRNA 
hybridizing with naked genomic RNA, as in the case of positive strand 
RNA viruses. These viruses comprise their own RNA polymerases, 

10 performing the transcription of viral mRNAs or replication of viral 
genomes using RNP complex as the template. Worthy of mentioning is 
that negative-strand RNA (nsRNA) viruses proliferate only in the 
cytoplasm of host cells, causing no integration thereof into 
chromosomes , because they do not go through a DNA phase . Furthermore , 

15 no homologous recombination among RNAs has been recognized. These 
properties are considered to contribute a great deal to the stability 
and safety of negative-strand RNA viruses as gene expressing vectors . 

Among negative-strand RNA viruses, the present inventors have 
been focusing their attention on the Sendai virus (SeV) . Sendai virus 

20 is a non-segmented type negative-strand RNA virus belonging to the 
genus Paramyxovirus, and is a type of murine parainfluenza virus. 
The virus attaches to the host cell membrane via envelope 
glycoproteins, the hemagglutinin-neuraminidase (HN) and fusion 
protein (F) , causes membrane fusion, and efficiently releases its 

25 own RNA polymerase and the RNA genome, which exists as a 
ribonucleoprotein (RNP) complex, into the cytoplasm, and carries out 
mRNA transcription of the virus and genome replication at the site 
(Bitzer, M . et al . , J. Virol. 71 (7) : 5481-5486 , 1997). The viral 
envelope protein F is synthesized as an inactive precursor protein 

30 (F 0 ) , then divided into Fl and F2 by proteolytic cleavage with 
trypsin-like protease such as triptase clara (Kido, H. et al . , 
Biopolymers (Peptide Science) 51 (1) : 79-86, 1999) , and thus becomes 
an active form protein to cause membrane fusion. This virus has been 
said to be non-pathogenic towards humans . However, wild-type SeV has 

35 been said highly cytopathic in cell culture (D. Garcin, G. Taylor, 
K. Tanebayashi, R. Compans and D. Kolakofsky, Virology 243, 340-353 
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(1998)). Therefore, we focused research on Z strain of SeV, an 
attenuated laboratory strain of Sendai virus , which has been isolated, 
and which only induces mild pneumonia in rodents, the natural hosts. 
This strain has been widely used as a research model for molecular 
5 level studies of the transcription-replication mechanism of 
paramyxoviruses and used for preparing hybridomas . In addition to 
the high safety mentioned above, the virus shows a high production 
titer of 10 9 " 11 pfu/ml in cell lines or chicken eggs. In one recently 
successful recovery system of negative-strand RNA virus vector from 

10 cDNA , especially high reconstitution efficiency has been seen in the 
case of Sendai virus . The capability of recombinant wild type viruses 
introduced with exogenous genes, to efficiently and stably express 
introduced exogenous genes is gaining wide attention. 

Thus, negative-strand RNA viruses have many advantages as gene 

15 introducing vectors. However, to apply for gene therapy, the 
development of highly safe vectors that do not release infectious 
particles when infected to cells is desired. For that purpose, a 
technique that mass produces viruses deficient in wild type virus 
production capability is necessary. However, development of an 

20 applicable vector based on an envelope gene-deficient genome has not 
yet been successful. 

Disclosure of the Invention 

The aim of present invention is to provide a paramyxovirus 

25 vector deficient in an envelope gene. 

To construct a paramyxovirus vector suitable for gene therapy, 
which completely lacks a propagation capability, the present 
inventors deleted F gene of SeV from the genome to establish a method 
to recover infectious virus particles in cells expressing F protein 

30 of Sendai virus, using cDNA in which GFP gene is introduced as a 
reporter. Through this F gene-deficient virus vector, a gene is 
introduced into rat neuronal cells in primary cultures, primitive 
mouse blood stem cells, human normal cells, and various other types 
of cells with a high efficiency, and a high expression was seen. 

35 Furthermore, high expression was obtained when administrated into 
rat brain in vivo. The F gene-deficient SeV vector expresses a gene 
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relatively persistently and strongly in the infected cells without 
producing secondary infectious virus particles, and does not 
propagate within adjacent cells. Thus, the usefulness of the vector 
for gene therapy was suggested. 
5 Furthermore, the present inventors produced a SeV vector cDNA 

deficient in both F gene and HN gene, to establish a method to recover 
infectious virus particles in a cell line expressing F protein and 
HN protein of Sendai virus . In addition, by introducing the SeV vector 
cDNA into F-expressing cells, the present inventors succeeded in 

10 constructing SeV vector deficient in the HN protein. 

Thus, the present invention establishes an applicable novel 
envelope gene-deficient vector system based on a negative-strand RNA 
virus for the first time. The success in the recovery of infectious 
deficient virus particles from F gene-deficient, or FHN 

15 gene-deficient genomic cDNA using helper cells pave the way for 
research and development of novel vectors for gene therapy taking 
advantage of the remarkable characteristics of Sendai virus. 

The deficient Sendai virus vector of the present invention has 
an extremely high gene-introducing efficiency towards various cell 

20 types and an enormous capability of expressing an exogenous gene. 
Furthermore, it expresses persistently in infected cells and does 
not release infectious virus particles, proving that it is a highly 
safe vector completely, withcut virus-propagating capability. 

From cells infected with F or HN gene-deficient Sendai virus 

25 vectors, non-infectious virus-like particles (VLPs , also called 
F-less virions or HN-less virions) are released (see Examples 7, 
Figure 21 , and Strieker, R. and Roux, L . , J. Gen. Virol . 72: 1703-1707 
(1991)). Because M protein plays central role in release of 
virus-like particles, virus vectors deficient in M gene lose their 

30 particle forming capability or have the capability extremely reduced, 
and can diffuse vectors to adjacent cells through cell fusion 
(WO00/09700; Mebatsion, T. et al . , J. Virol. 73: 242-250 (1990); 
Cathomen, T. et al . EMBO J. 17: 3899-3908 (1998)). The present 
inventors have first established helper cells which are capable of 

35 expressing M protein stably. Using the helper cells stably 
expressing M proteins, the present inventors produced M 
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gene-deficient Sendai virus vectors comprising M proteins as 
envelopes. Infectious M gene-deficient virus vectors are prepared 
in high titer (released from the producer cells into culturing medium 
at more than 10 7 Cell Infectious Units (CIU) /ml) , and it has been 
5 revealed from Western blot analysis and measurement of HA activity 
that few VLPs are released from cells infected with M gene-deficient 
virus vectors. Moreover, the present inventors constructed a Sendai 
virus cDNA deficient in both F gene and M gene and reconstituted 
vectors using helper cells expressing F and M proteins . In particular, 

10 virus vectors deficient in M gene in addition to F or HN gene are 
extremely useful as vectors for gene therapy because reinfection of 
virus from cells into which the vectors are introduced and cell damage 
and immunity induction due to secondary release are not induced. In 
fact, the present inventors have succeeded in producing infectious 

15 virus particles deficient in both M and F genes in the culture 
supernatant of virus producing cells at the titer of 10 8 ClU/ml or 
more at the maximum for the first time. The virus thus obtained lost 
almost all the secondary virus particle forming capability. 
Furthermore, it was confirmed that cytotoxicity of the viral vector 

20 deficient in both M and F genes remarkably decreased compared to that 
of vectors deficient in either one of these two genes. This viral 
vector has been demonstrated to be capable of efficient gene transfer 
into nerve cells in vivo and in vitro and therefore would be used 
as a gene transfer vector having infectivity towards many types of 

25 cells including nondividing cells. 

The stability of genome is pointed out as a problem when using 
RNA viruses. Heterologous gene expression by SeV vector showed 
hardly any base mutations after continual multiple passages, showing 
that it expresses the inserted heterologous gene stably for a long 

30 period (Yu, D . et al . Genes cells 2 , 457-466 (1997)). Vectors based 
on negative-strand RNA virus replicons have several advantageous 
characteristics such as genome stability or flexibility of the size 
of the gene introduced or packaging, for they do not have the capsid 
structural protein, when compared to vectors based on replicons of 

35 Semliki forest virus , an already successful positive-strand RNA virus , 
or those of Sindbis virus. At least 4 kbp of exogenous DNA can be 
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inserted into the wild type Sendai virus vector, and a much longer 
one can be inserted into the deficient vector. By inserting, between 
genes, a unit comprising a transcription initiation sequence, two 
or more kinds of genes can be expressed simultaneously. Persistent 
5 expression is expected in the vector based on replicon of Sendai virus 
since theoretically , except for human peripheral monocytes (F. Tropea 
et al.,.Exp. Cell. Res. 218(1), 63-70 (1995)), multicopied RNPs 
replicated in the cytoplasm are distributed into daughter cells when 
cell division occurs. Actually, this has been demonstrated in an In 

10 vitro study in a certain kind of blood cells. Furthermore, since the 
present inventors have confirmed that the Sendai virus vector is 
introduced with a high efficiency into blood cells, especially 
granulocytic cells, and also that it is introduced into c-kit positive 
cells, the vector is thought to be a very highly applicable vector 

15 with a very extensive tissue application range. 

Thus, the present invention relates to envelope gene-deficient 
Sendai virus vector, more specifically to: 

(1) A paramyxovirus vector comprising a complex comprising (a) a 
paramyxovirus-derived negative-strand single-stranded RNA modified 

20 not to express at least one envelope protein of paramyxoviruses, and 
(b) proteins that bind to said negative-strand single-stranded RNA. 

(2) The vector according to (1) , wherein the negative-strand 
single-stranded RNA expresses NP protein, P protein, and L protein, 
and is modified not to express F, HN, or M protein, or any combination 

25 thereof. 

(3) The vector according to (1) , comprising at least one of the 
envelope proteins whose expression was suppressed in the modified 
negative-strand single-stranded RNA. 

(4) A vector according to (1) , comprising VSV-G protein. 

30 (5) A vector according to (1) , wherein the negative-strand 
single-stranded RNA is derived from Sendai virus. 

(6) A vector according to (1) , wherein the negative-strand 
single-stranded RNA further encodes an exogenous gene. 

(7) A DNA encoding negative-strand single-stranded RNA comprised in 
35 a vector according to any one of (1) to (6) , or the complementary 

strand thereof. 
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(8) A method for producing a vector according to (1) , comprising the 
following steps of: 

(a) expressing vector DNA encoding a paramyxovirus-derived 
negative-strand single-stranded RNA modified not to express at least 

5 one envelope protein of paramyxoviruses, or the complementary strand, 
by introducing into cells expressing at least one envelope protein, 

(b) culturing said cells, and, 

(c) recovering the virus particles from the culture supernatant. 

(9) A method for producing a vector according to (1) , comprising the 
10 steps of, 

(a) introducing, a complex comprising a paramyxovirus-derived 
negative-strand single-stranded RNA modified not to express at least 
one envelope protein of paramyxoviruses, and a protein binding to 
said negative-strand single-stranded RNA, into cells expressing at 

15 least one envelope protein, 

(b) culturing said cells, and, 

(c) recovering virus particles from the culture supernatant. 

(10) The method according to (8) or (9), wherein the cell culture 
in (b) is a co-culture with cells expressing at least one envelope 

20 protein . 

(11) The method according to (8) or (9) , wherein cells expressing 
at least one envelope protein are overlaid to said cells in cell 
culture in (b) . 

(12) The method of (8) or (9) , wherein the cell culture is carried 
25 out at 35°C or less. 

(13) A method according to (8) or (9) , wherein at least one envelope 
protein expressed by the cells is identical to at least one envelope 
protein whose expression is suppressed in the negative-strand 
single-stranded RNA described above. 

30 (14) A method according to (8) or (9) , wherein at least one envelope 
protein expressed by the cells is VSV-G protein. 

In the present invention, the term ''vector 7 ' indicates virus 
particles in which nucleic acid molecules for expressing exogenous 
35 gene in hosts are packaged. 

The term "recombinant" used herein means a compound or a 
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composition generated by mediating a recombinant polynucleotide. A 
recombinant polynucleotide means a polynucleotide in which nucleotide 
residues are linked not naturally, namely, a polynucleotide in which 
nucleotide residues are not arranged in a manner found in nature. 
5 Herein, a "recombinant" paramyxovirus vector means a paramyxovirus 
vector constructed by genetic engineering or a paramyxovirus vector 
obtained by amplifying it. Recombinant paramyxovirus vectors can be 
generated, for example, by reconstituting recombinant paramyxovirus 
cDNAs . 

10 "NP, P, M, F, HN and L genes" of viruses belonging to the family 

Paramyxoviridae refer to genes encoding nucleocapsid , phospho, matrix, 
fusion, hemagglutinin-neuraminidase and large proteins, 
respectively. Respective genes of viruses belonging to subfamilies 
of the family Paramyxoviridae are represented in general as follows. 
15 NP gene is generally described also as the "N gene". 

Genus N P/C/V M F HN - L 

Respirovirus 

Genus N P/V M F HN (SH) L 

Rubulavirus 

Genus N P/C/V M F H L 

Morbillivirus 

Database accession numbers for nucleotide sequences of genes 
of the Sendai virus classified into Respirovirus of the family 
Paramyxoviridae are, M29343, M30202, M30203, M30204, M51331, M55565, 
M6 904 6 and X17218 for NP gene, M302 02 , M30 203 , M30204, M555 65, M6 904 6, 

20 X00583, X17007 and X17008 for P gene, D11446, K02742, M30202, M30203, 
M30204, M69046, U31956, X00584 and X53056 for M gene, D00152, D11446, 
D17334, D17335, M30202, M30203, M30204, M69046, X00152 and X02131 
for F gene, D26475, M12397, M30202, M30203, M30204, M69046, X00586, 
X02808 and X56131 for HN gene, and D00053, M30202, M30203, M30204, 

25 M69040, X00587 and X58886 for L gene. 

Herein, the term "particle forming capability" refers to the 
capability of a viral vector to release infectious or noninfectious 
virus particles (called virus-like particles) in cells infected with 
30 said viral vector (referred to as the secondary release) . Herein, 
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that "'particle forming capability is reduced or suppressed" means 
that particle forming capability is significantly reduced. In 
addition, the reduction of particle forming capability includes the 
complete elimination of particle forming capability. 

The reduction of particle forming capability refers to, for 
example, a statistically significant reduction thereof (e.g. level 
of significance: 5% or less) . Statistical examination can be 
performed, for example, by Student's t-test, Mann-Whitney's U-test 
or the like. The level of particle forming capability decreases to 
1/2 or less, more preferably 1/5, 1/10, 1/30, 1/50, 1/100, 1/300 and 
1/500 or less of the wild type virus. 

The elimination of particle forming capability means that the 
level of VLP is below the detection limits. In such cases, VLP is 
10 3 /ml or less, preferably 10 2 /ml or less, more preferably lOVml or 
less. The elimination of particle forming capability can be 
determined by means of a functional assay. For example, its 
elimination can be confirmed when no detectable infectivity is 
observed in cells transfected with a sample that may contain VLP. 
Moreover, virus particles can be identified with a direct observation 
tool such as an electron microscope, or detected and quantified from 
nucleic acid or protein contained in virus as an indicator. For 
example, genomic nucleic acid contained in virus particles may be 
detected and quantified by the usual method for detecting nucleic 
acid such as PCR. Alternatively, virus particles having a foreign 
gene can be quantified by transfecting cells with them and detecting 
the expression of said gene in the cells. Noninfectious virus 
particles (e.g. VLP) can be quantified by introducing these particles 
into cells in combination with a transf ection reagent and detecting 
the expression of the foreign gene. The transf ection can be carried 
out, for example, by using lipof ection reagents. The following is 
an example of the transfection using DOSPER Liposomal Transfection 
Reagent (Roche, Basel, Switzerland; Cat No. 1811169). DOSPER (12.5 
|il) is mixed with 100 ^1 of a solution with or without VLP, and the 
mixture is allowed to stand still at room temperature for 10 minutes. 
The mixed solution is used to transfect cells which have been cultured 
to be confluent on a 6-well plate with shaking every 15 minutes . After 
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2 days, the presence or absence of VLP can be determined by detecting 
the presence or absence of infected cells . Infective viruses can be 
quantified by normal CIU assay or hemagglutination activity (HA) assay 
(Kato, A. et al., 1996, Genes Cells 1: 569-57 9; Yonemitsu, Y. & Kaneda , 
5 Y . , Hemaggulutinating virus of Japan-liposome-mediated gene delivery 
to vascular cells. Ed. by Baker AH. Molecular Biology of Vascular 
Diseases. Method in Molecular Medicine: Humana Press: pp. 295-306, 
1999) . 

10 The term "gene" used herein means a genetic substance, which 

includes nucleic acids such as RNA, DNA, etc. In general, a gene may 
or may not encode a protein. For example, a gene may be that encoding 
a functional RNA such as ribozyme, antisense RNA, etc. A gene may 
have a naturally derived or artificially designed sequence. In 

15 addition, herein, a "DNA" includes a single-stranded DNA and a 
double-stranded DNA. 

The present invention relates to envelope gene-deficient 
paramyxovirus vectors. The virus vector comprises 

paramyxovirus-derived negative-strand single-stranded RNA modified 

20 not to express at least one envelope protein. Paramyxovirus 
generally comprises a complex of RNA and protein (ribonucleoprotein ; 
RNP) in the envelope . The RNA comprised in RNP is negative-strand 
(negative-strand) single-stranded RNA, which is the genome of 
paramyxovirus. The protein binds to the RNA to form the complex. 

25 Namely, a paramyxovirus vector according to this invention comprises 
a complex comprising (a) a paramyxovirus-derived negative-strand 
single-stranded RNA modified so as not to express at least one of 
the envelope proteins of paramyxoviruses and (b) proteins binding 
to said negative-strand single-stranded RNA. Proteins binding to a 

30 negative-strand single-stranded RNA refer to proteins binding 
directly and/or indirectly to the negative-strand single-stranded 
RNA to form an RNP complex with the negative-strand single-stranded 
RNA. In general, negative-strand single-stranded RNA (genomic RNA) 
of paramyxovirus is bound to NP , P and L proteins. RNA contained in 

35 this RNP serves as the template for transcription and replication 
of RNA (Lamb, R. A., and D. Kolakofsky, 1996, Paramyxoviridae : The 
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viruses and their replication, pp. 1177-1204. In Fields Virology, 
3 rd edn. Fields, B. N . , D. M. Knipe, and P. M. Howley et al . (ed.), 
Raven Press, New York, N. Y.) . Complexes of this invention include 
those comprising negative-strand single-stranded RNAs originating 
5 in paramyxovirus and proteins also originating in paramyxovirus which 
bind to the RNAs . Vectors of this invention comprjise RNP comprising, 
for example, negative-strand single-stranded RNA of paramyxoviruses 
to which these proteins (NP, P and L proteins) are bound. In general, 
RNP complexes of paramyxovirus are capable of autonomously 

10 self-replicating in host cells. Thus, vectors transferred to cells 
intracellular^ y proliferate RNP to increase the copy number of the 
gene (RNA contained in complex) , thereby leading to a high level 
expression of a foreign gene from RNP carrying the foreign gene. 
Vectors of this invention are preferably those capable of replicating 

15 RNA contained in complexes (RNP) in transfected cells. 

Herein, paramyxovirus means a virus belonging to the family 
Paramyxoviridae or a derivative thereof. In addition to the Sendai 
virus, the Paramyxoviridae virus for which the present invention can 
be applied is, for ins tance , measles virus , simian parainfluenza virus 

20 (SV5) , and human parainfluenza virus 3 , but is not limited to thereto . 
Other examples of paramyxoviruses include Newcastle disease virus, 
Mumps virus, Respiratory syncytial (RS) virus, rinderpest virus, 
distemper virus, human parainfluenza virus type 1 and 2, etc. The 
paramyxovirus of the present invention is preferably a virus belonging 

25 to the genus Paramyxovirus or a derivative thereof. Examples of 
viruses of the genus Paramyxovirus to which the present invention 
can be applied include human parainfluenza virus type 1 (HPIV-1) , 
human parainfluenza virus type 3 (HPIV-3) , bovine parainfluenza virus 
type 3 (BPIV-3) , Sendai virus (also called mouse parainfluenza virus 

30 type 1), simian parainfluenza virus type 10 (SPIV-10) , etc. The 
paramyxovirus of the present invention is most preferably Sendai virus 
These viruses may be derived from natural strains, wild- type strains, 
mutant strains, laboratory-passaged strains, artificially 
constructed strains, etc. Incomplete viruses such as the DI particle 

35 (J. Virol. 68, 8413-8417 (1994)), synthesized oligonucleotides , and 
so on, can also be utilized as material for producing the virus vector 
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of the present invention. 

The paramyxovirus vector of the present invention is a 
particle separated from cells and a particle having infectivity and 
not having disseminative capability. The term "inf ectivity" used 
5 herein means capability of a vector to transfer a gene contained in 
the vector, to a cell by adhering to the cell. The term "not having 
disseminative capability" means that particles having infectivity 
are not released from cells infected with the virus vector. 

Negative-strand single-stranded RNAs contained in viral 

10 vectors are modified, typically, so as to express NP , P and L proteins 
and so as not to express F, HN, or M protein, or any combination thereof. 
Preferably, the negative-strand single-stranded RNAs contained in 
the viral vectors of the present invention are modified so as not 
to express at least F and/or HN proteins. The present invention 

15 particularly relates to a viral vector having a negative-strand 
single-stranded RNA that has been modified so as not to express two 
or more proteins selected from F, HN, and M proteins. More 
specifically, this invention provides a viral vector having a 
negative-strand single-stranded RNA that has been modified so as not 

20 to express at least F and HN proteins, F and M proteins, or M and 
HN proteins. A viral vector that does not express F protein has the 
advantage of having no cytotoxicity such as syncytium formation. A 
viral vector that does not express HN protein has the advantage of 
not causing hemagglutination. A viral vector that does not express 

25 M protein has the advantage of not releasing VLP . Viral vectors 
prepared by deleting any combination of genes encoding these viral 
proteins have the combination of the respective advantages . 

Furthermore, the present invention provides a method for 
attenuating cytotoxicity caused by gene transfer, the method 

30 comprising the step of transfecting cells with a viral vector 
deficient in genes encoding the envelope proteins (for example, F, 
HN or M gene, or combinations thereof) described herein. The present 
invention also provides a method for suppressing release of virus-like 
particles (VLPs) from cells transfected with a viral vector upon gene 

35 transfer, the method comprises the step of transfecting cells with 
the above-described viral vector. Cytotoxicity can be measured, for 




13 



example, by quantifying the level of LDH release as described in 
Examples. Release of virus-like particles (VLPs) can be detected, 
for example, by measuring HA activity as described in Examples. 
Alternatively, VLP contained in the extracellular fluid of the 
transfected cells can be quantified by collecting the extracellular 
fluid, transfecting other cells with the fluid and measuring the 
expression level of the gene contained in VLP. It is preferable that 
cytotoxicity is attenuated and VLP release is suppressed to, for 
exasmple, a statistically significant level (e.g. the significance 
level of 5% or less) compared to a viral vector without the 
above-described gene deletion. Statistical examination can be 
performed, for example, by Student's t-test, Mann-Whitney's U-test, 
etc. The cytotoxicity is attenuated and, VLP release is suppressedto 
90% or less, preferably to 80% or less, more preferably to 70% or 
less, still more preferably 60% or less, still further preferably 
to 1/2 or less, 1/3 or less, 1/5 or less or 1/8 or less, compared 
to the wild-type virus. 

The term "not expressing a protein" used herein includes a case 
20 where the protein is substantially not expressed. A protein is not 
expressed from the genomic RNA in a virus vector by making a gene 
encoding the protein deficient. "Deficiency" of a gene means that 
any functional gene product (which is a protein if the gene encodes 
the protein) of the gene is substantially not expressed. The 
25 deficiency of a gene of interest includes a case where null phenotype 
is indicated for the gene. The deficiency of a gene includes that 
the gene is deleted; that the gene is not transcribed due to mutation 
of a transcription initiation sequence and so on; that no functional 
protein is produced due to frameshift, codon mutation, or the like; 
30 that activity of the expressed protein is substantially lost [or 
decreased very much (for example, 1/10 or less)] due to amino acid 
mutation and so on; that translation into a protein does not occur 
[or is decreased very much (for example, 1/10 or less)] ; and so on. 

In the case of Sendai virus (SeV) , the genome of the natural 
35 virus is approximately 15,000 nucleotides in size, and the 
negative-strand comprises six genes encoding NP (nucleocapsid) , P 
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(phospho) , M (matrix) , F (fusion) , HN (hemagglutinin- neuraminidase) 
and L (large) proteins lined in a row following the 3' -short leader 
region, and a short 5' -trailer region on the other end. In this 
invention, this genome can be modified so as not to express envelope 
5 proteins and/or matrix proteins by designing a genome deficient in 
any of F, HN and M genes, or any combination thereof. . Deficiency in 
either F gene or HN gene, or both is preferred. In addition, it is 
preferable that M gene is deficient. Since these proteins are 
unnecessary for the formation of RNP , RNPs which are components of 

10 the vectors of this invention can be manufactured by transcribing 
this genomic RNA (either positive or negative-strand) in the presence 
of NP, P and L proteins. RNP formation can be performed, for example, 
in LLC-MK2 cells, or the like. NP , P and L proteins can be supplied 
by introducing to cells expression vectors carrying the respective 

15 genes for these proteins (cf. Examples). Each gene may be also 
incorporated into chromosomes of host cells. NP , P and L genes to 
be expressed for the formation of RNP need not be completely identical 
to those genes encoded in the genome of the vector. That is, amino 
acid sequences of proteins encoded by these genes may not be identical 

20 to those of proteins encoded by RNP genome, as long as they can bind 
to the genomic RNA and are capable of replicating RNP in cells, and 
these genes may be induced with mutations or replaced with homologous 
genes from other viruses. Once an RNP is formed, NP , P and L genes 
are expressed from this RNP to autonomously replicate RNP in the cells 

25 and produce viral vectors in the presence of envelope proteins. In 
addition, the virus gene arrangement on the genome of the 
paramyxovirus of the present invention may be modified from that on 
the wild-type or mutant virus genome. For example, the short leader 
region of rSeV GP42 (D. Garcin et al, Virology, 243, 340-353 (1998)) 

30 could be replaced with its counterpart genome sequence of SeV. 

If an envelope protein is expressed in cells when a vector is 
reconstituted, this envelope protein will be incorporated into the 
vector, enabling the production of viral vectors with infectivity 
due to the envelope protein. Such a vector, once infected to cells, 

35 cannot produce viruses comprising an envelope protein as the initial 
virus can, because it does not have the envelope gene, though it can 
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propagate RNP within the cells . Such a vector is very useful in fields 
such as gene therapy where exceptionally high safety is required. 

Viral vectors with equivalent infection capability as the wild 
type virus can be produced by expressing the envelope proteins whose 
5 expression is suppressed in modified negative-strand single-stranded 
RNA, namely envelope genes deficient in the genome, at the time of 
virus reconstitution . Expressing a portion of envelope genes 
deficient in the genome is also conceivable. For example, when F 
protein alone is expressed against the genome deficient in both F 
• 10 and HN gene, a virus vector with F protein as envelope is produced. 

The virus with only F protein, but without HN protein, can be used 
as a vector that infects specifically to hepatocytes , mediated by 
^ asialoglycoprotein receptor (ASG-R) . Thus, paramyxovirus vectors 
comprising at least one envelope protein whose expression is 

15 suppressed in modified negative-strand single-stranded RNA are 
included in the present invention. 

In addition, it is also possible to reconstitute the vector of 
the present invention by using envelope proteins other than the 
above-described proteins whose expression was suppressed by modifying 

20 negative-strand single-stranded RNA. For example, virus vectors 
having desired envelope proteins other than those encoded by the 
genome of the virus which is the base of the vectors can be produced 
by expressing the envelope proteins in cells when the virus is 
reconstituted. There is no particular limitation on the type of such 

25 envelope proteins. One example of other viral envelope proteins is 
the G protein (VSV-G) of vesicular stomatitis virus (VSV) . The 
paramyxovirus vector of the present invention includes pseudo-type 
viral vectors comprising envelope protein derived from a virus 
different to the virus from which the genome is derived, such as VSV-G 

30 protein, and the like. 

Viral vectors of this invention can be usually prepared by (a) 
introducing a vector DNA encoding paramyxovirus-derived 
negative-strand single-stranded RNA that has been modified so as not 
to express at least one of the viral envelope proteins of 

35 paramyxoviruses, or a complementary strand of said RNA, into cells 
(helper cells) expressing one or more envelope proteins, and allowing 



the vector DNA to be expressed, and (b) culturing the cells to recover 
viral particles from the culture supernatant. By coexpressing NP , 
P and L proteins at the time of vector DNA expression, RNPs are formed 
and a virus having envelope proteins is constructed. Envelope 
proteins expressed in cells may be constitutively or, at the time 
of viral reconstitution, inducibly expressed in the cells. 

By culturing the cells at low temperature in the step (b) , the 
efficiency of virus vector production can be significantly increased. 
Therefore, it is preferable that the cells are cultured in the step 
(b) at low temperature, namely 35°C or less, more preferably 34°C 
or less, even more preferably 33 °C or less, and most preferably 32 °C 
or less. 

Vector DNA to be expressed in helper cells encodes 
negative-strand single-stranded RNA contained in vectors of this 
invention (negative-strand) or complementary strand thereof 
(positive-strand) . For example, DNA encoding negative-strand 
single-stranded RNA or complementary strand thereof is linked 
downstream of T7 promoter to be transcribed to RNA by T7 RNA polymerase . 
Desired promoters can be used except those including the recognition 
sequence of T7 polymerase. Alternatively, RNA transcribed In vitro 
may be transfected into helper cells. Vector DNAs may be cloned into 
plasmids to amplify in E . coli. Although the strand to be transcribed 
inside cells may be either positive or negative-strand, it is well 
known that virus reconstitution efficiency is preferably improved 
by arranging so as to transcribe the positive strand (A. Kato , Y. 
Sakai, T. Shioda , T. Kondo , M. Nakanishi, Y. Nagai, Genes to Cells, 
1, 569-579 (1996) ) ) . 

As helper cells, cells expressing envelope protein are used. 
As described above, helper cells are not limited to cells expressing 
all proteins of envelope genes deficient in the virus vector, for 
instance, for F, HN gene-deficient Sendai virus vector DNA, cells 
expressing F protein alone can be used as helper cells. In addition, 
cells expressing envelope protein different to the protein encoded 
by the envelope gene deficient in the virus vector may also be used. 
For example, as described above, an envelope protein that is not the 
envelope protein of paramyxovirus such as VSV-G protein can also be 
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used as an envelope protein. 

Helper cells that express the envelope proteins can be obtained 
by transfecting cells with an expression vector carrying the genes 
5 encoding these proteins and selecting the cells into which the genes 
have been stably incorporated. It is preferable that the envelope 
proteins can be expressed by way of induction. Examples of the cell 
include, for example, simian kidney-derived cell line LLC-MK2 . The 
high level expression of the envelope proteins in helper cells is 

10 important for harvesting the virus with a high titer . For that purpose, 
it is preferable to perform, for example, the above-described 
transfection and cell selection at least twice or more. For example, 
cells are transfected with an envelope protein expression plasmid 
carrying a drug-resistance marker gene and the cells into which the 

15 envelope protein gene has been introduced are selected using the drug. 
Then, the selected cells are transfected with an envelope protein 
expression plasmid carrying a different drug-resistance marker gene 
and the second selection is made using this different drug resistance 
marker. This selection method enables to select cells capable of 

20 expressing the envelope protein at a higher level than those selected 
by the first transfection. Such envelope protein expressing helper 
cells which have been constructed via twice or more transf ections 
can be preferably used. Such twice or more transf ections are 
important for preparation of helper cells expressing M protein in 

25 particular. Furthermore, helper cells simultaneously expressing two 
or more envelope proteins , for example , M and F proteins are preferably 
prepared by twice or more transf ections of cells with not only the 
M protein expression plasmid but also the F protein expression plasmid 
so as to enhance the induction level of F protein expression. 

30 The helper cells thus obtained can be used to reconstitute the 

vector according. to the present invention. For example, a viral 
vector can be reconstituted by transfecting a plasmid expressing a 
recombinant Sendai virus vector genome deficient in one or more 
envelope genes into host cells together with a vector expressing one 

35 or more envelope proteins , and NP , P and L protein expression vectors . 
Alternatively, RNP complex can be manufactured using, for example, 
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host cells incorporated with F gene into chromosomes thereof. Amino 
acid sequences of these proteins supplied from outside the viral 
genome need not be identical to those deriving from the virus. As 
long as these proteins are equally active to or more active than 
5 natural type proteins in the ability of transferring nucleic acids 
into cells , genes encoding these proteins may be modified by inserting 
some mutations or replacing with homologous genes from other viruses. 
Since, in general, many envelope proteins, solely or in combination, 
show cytotoxicity (C. M. Horvath et al . , J. Virology, 66, 4564-4569 

10 (1992); X. Hu et al., J. Virology, 66, 1528-1534 (1992); R. Lamb, 
Virology, 197, 1-11 (1993) ; A. Moscona and R. W. Peluso, J. Virology, 
65, 2773-2777 (1991)), and therefore, they may be arranged to be 
expressed only when the vector is reconstituted under the control 
of an inducible promoter or the expression can be induced at the time 

15 of reconstitution using other mechanism that can regulate the 
expression (cf . Examples) . 

Once RNP or virus comprising RNP is formed, virus vectors of 
this invention can be amplified by introducing this RNP or virus again 
into the aforementioned helper cells and culturing them. This 

20 process comprises the steps of (a) introducing a complex comprising, 
negative-strand single-stranded RNA derived from paramyxovirus 
modified not to express at least one envelope protein of 
paramyxoviruses, and proteins that binds to said negative-strand 
single-stranded RNA to cells expressing envelope proteins, and (b) 

25 culturing the cells and recovering virus particles from the culture 
supernatant . 

RNP may be introduced to cells as a complex formed together with, 
for example, lipof ectamine and a polycationic liposome. 
Specifically, a variety of transfection reagents can be utilized. 

30 Examples thereof are DOTMA (Boehringer) , Superfect (QIAGEN #301305) , 
DOTAP, DOPE, DOSPER (Boehringer #1811169) , etc. Chloroquine may be 
added to prevent RNP from decomposition in endosomes (Calos, M. P., 
1983, Proc. Natl. Acad. Sci. USA 80: 3015). 

Once a viral vector is thus constructed in host cells, it can 

35 be further amplified by coculturing these cells with cells expressing 
envelope proteins. As described in Example 12, a preferable example 
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is the method of overlaying cells expressing envelope proteins over 
virus producing cells . 

As an envelope protein, besides a viral envelope protein, for 
example, a chimeric protein comprising, in its extracellular region, 
5 a polypeptide derived from an adhesion molecule, ligand, receptor 
protein, and such that can adhere to specific) cells, and in its 
intracellular region, polypeptides derived from virus envelope can 
be used. Hereby, vectors targeted to specific tissues can be produced. 
Viral vectors of this invention, for example, may comprise a viral 

10 gene contained in the vector that has been modified to reduce the 
antigenicity or enhance the RNA transcription and replication 
efficiency. Specifically, for example, as for paramyxovirus, it is 
possible to modify at least one of the NP , P/C, and L genes, which 
are genes of replication factors, to enhance the function of 

15 transcription or replication. In addition, the HN protein is a 
structural protein having both hemagglutinin activity and 
neuraminidase activity, and it is possible to enhance the virus 
stability in blood, for example, by weakening the former activity 
and to regulate infectivity, for example, by altering the latter 

20 activity. It is also possible to regulate the fusion ability by 
altering the F protein, which is implicated in membrane fusion. 
Furthermore, it is possible to generate a virus vector that is 
engineered to have weak antigenicity against these proteins through 
analyzing the antigen presenting epitopes and such of possible 

25 antigenic molecules on the cell surface such as the F protein and 
HN protein. 

In addition, paramyxovirus whose accessory gene is deficient 
can be used as the paramyxovirus of the present invention . For example , 
by knocking out V gene, one of the accessory genes of SeV, 

30 pathogenicity of SeV to hosts such as mice markedly decreases without 
damages to the expression and replication of genes in cultured cells 
(Kato, A. et al . , 1997, J. Virol. 71: 7266-7272; Kato, A. et al . , 
1997) . Such attenuated vectors are particularly preferable as virus 
vectors for in vivo or ex vivo gene transfer. 

35 Viral vectors of this invention may include RNA encoding a 

foreign gene in their negative-strand single-stranded RNA. Any gene 
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desired to be expressed in target cells may be used as the foreign 
gene. For example, when gene therapy is intended, a gene for treating 
an objective disease is inserted into the viral vector DNA. In the 
. case where a foreign gene is inserted into the viral vector DNA, for 
5 example, Sendai viral vector DNA , it is preferable, to insert a 
sequence comprising a nucleotide number of a multiple of six between 
the transcription termination sequence (E) and transcription 
initiation sequence (S) , etc. (Calain, P. and Roux, L . , Journal of 
Virology, Vol. 67, No. 8, 1993, p . 4822-4830) . Foreign gene may be 

10 inserted before or after each of the virus genes (NP, P, M, F, HN 
and L genes) (cf . Examples) . E-I-S- sequence (transcription 
termination sequence-intervening sequence-transcription initiation 
sequence) or portion thereof is appropriately inserted before or after 
a foreign gene and a unit of E-I-S sequence is located between each 

15 gene so as not to interfere with the expression of genes before or 
after the foreign gene. Expression level of the inserted foreign gene 
can be regulated by the type of transcription initiation sequence 
added upstream of the foreign gene, as well as the site of gene 
insertion and nucleotide sequences before and after the gene. For 

20 example, in Sendai virus, the nearer the insertion site is to the 
3' -end of negative-strand RNA (in the gene arrangement on the wild 
type viral genome,* the nearer to NP gene) , the higher the expression 
level of the inserted gene is. To secure a high expression level of 
a foreign gene, it is preferable to insert the foreign gene into 

25 upstream region, namely at the 3' -side in negative-strand genome such 
as upstream of NP gene (the 3' -side in negative-strand) or between 
NP and P genes. Conversely, the nearer the insertion position is to 
the 5' -end of negative-strand RNA (in the gene arrangement on the 
wild type viral genome, the nearer to L gene) , the lower the expression 

30 level of the inserted gene is . To suppress the expression of a foreign 
gene to a low level, the foreign gene is inserted, for example, to 
the far most 5' -side of the negative-strand, that is, downstream of 
L gene in the wild type viral genome (the 5' -side adjacent to L gene 
in negative-strand) or upstream of L gene (the 3' -side adjacent to 

35 L gene in negative-strand) . Thus , the insertion position of a foreign 
gene can be properly adjusted so as to obtain a desired expression 
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level of the gene or so as to optimize the combination of it and the 
virus protein-encoding genes before and after it. For instance, if 
the overexpression of a gene introduced by inoculating a high titer 
virus vector may cause toxicity, it is possible not only to limit 
5 the titer of the virus to be inoculated, but (also to reduce the 
expression level from individual virus vectors, for example, by 
designing the insertion position on the vector as closely to the 
5' -terminus of the negative-strand as possible, or replacing the 
transcription initiation sequence with one having lower efficiency 

10 so as to obtain an appropriate therapeutic effect. 

Because, in general, it is advantageous to obtain high 
expression of an foreign gene as long as cytotoxicity is not raised, 
it is preferable to ligate the foreign gene with a highly efficient 
transcription initiation sequence and to insert the gene into the 

15 vicinity of the 3 '-terminus of the negative-strand genome. Examples 
of preferable vectors include a vector in which the foreign gene is 
located at the 3' -side of any virus protein genes of paramyxovirus 
in the negative-strand genome of paramyxovirus vector. For example, 
a vector in which the foreign gene is inserted upstream (at the 3' -side 

20 of the negative-strand) of N gene is preferable. Alternatively, the 
foreign gene may be inserted immediately downstream of N gene. 

To facilitate the insertion of a foreign gene, a cloning site 
may be designed at the inserting position in the vector DNA encoding 
the genome. The cloning site can be arranged to be, for example, the 

25 recognition sequence for restriction enzymes. Foreign gene 
fragments can be inserted into the restriction enzyme site in the 
vector DNA encoding the genome. Cloning site may be arranged to be 
a so-called multi-cloning site, comprising a plurality of restriction 
enzyme recognition sequences . Vectors of this invention may harbor 

30 other foreign genes at the sites other than those described above. 

Recombinant Sendai virus vectors comprising a foreign gene can 
be constructed as follows according to, for example, the description 
in "Hasan, M. K. et al . , J. Gen. Virol. 78: 2813-2820, 1997", "Kato, 
A. et al., 1997, EMBO J. 16: 578-587" and "Yu , D. et al . , 1997, Genes 

35 Cells 2: 457-466". 

First, a DNA sample comprising the cDNA nucleotide sequence of 
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a desired foreign gene is prepared. It is preferable that the DNA 
sample can be electrophoretically identified as a single plasmid at 
concentrations of 25 ng/|il or more. Below, a case where a foreign 
gene is inserted to DNA encoding viral genome utilizing NotI site 
5 will be described as an example. When NotI recognition site is 
included in the objective cDNA nucleotide sequence, it is preferable 
to delete the NotI site beforehand by modifying the nucleotide 
sequence using site-specific mutagenesis and such method so as not 
to alter the amino acid sequence encoded by the cDNA. From this DNA 

10 sample, the desired gene fragment is amplified and recovered by PCR. 
To have NotI sites on the both ends of amplified DNA fragment and 
further add a copy of transcription termination sequence (E) , 
intervening sequence (I) and transcription initiation sequence (S) 
(EIS sequence) of Sendai virus to one end, a forward side synthetic 

15 DNA sequence (sense strand) and reverse side synthetic DNA sequence 
(antisense strand) are prepared as a pair of primers containing NotI 
restriction enzyme cleavage site sequence, transcription termination 
sequence (E) , intervening sequence (I) , transcription initiation 
sequence (S) and a partial sequence of the objective gene. 

20 For example, to secure cleavage by NotI, the forward side 

synthetic DNA sequence is arranged in a form in which any two or more 
nucleotides (preferably 4 nucleotides excluding GCG and GCC, 
sequences originating in NotI recognition site, more preferably ACTT) 
are selected on the 5' -side of the synthetic DNA, NotI recognition 

25 site "gcggccgc" is added to its 3' -side, and to the 3' -side thereof, 
any desired 9 nucleotides or nucleotides of 9 plus a multiple of 6 
nucleotides are added as the spacer sequence, and to the 3' -side 
thereof, about 25 nucleotide-equivalent ORF including the initiation 
codon ATG of the desired cDNA is added. It is preferable to select 

30 about 25 nucleotides from the desired cDNA as the forward side 
synthetic DNA sequence so as to have G or C as the final nucleotide 
on its 3' -end. 

In the reverse side synthetic DNA sequence, any two or more 
nucleotides (preferably 4 nucleotides excluding GCG and GCC, 
35 sequences originating in the NotI recognition site, more preferably 
ACTT) are selected from the 5' -side of the synthetic DNA, NotI 



23 



recognition site "gcggccgc" is added to its 3' -side , and to its further 
3' -side, an oligo DNA is added as the insertion fragment to adjust 
the length. This oligo DNA is designed so that the total nucleotide 
number including the NotI recognition site "gcggccgc" , complementary 
5 sequence of cDNA and EIS nucleotide sequence of Sendai virus genome \ 
originating in the virus described below becomes a multiple of six 
(so-called "rule of six"; Kolakofski, D. et al . , J. Virol. 72: 891-899, 
1998; Calain, P. and Roux, L. , J. Virol. 6 7 : 4822-4830, 1993) . Further 
to the 3' -side of inserted fragment, a sequence complementary to S 

10 sequence of Sendai virus, preferably 5' -CTTTCACCCT-3 ' (SEQ ID NO: 
63) , I sequence, preferably 5 / -AAG-3 / , and a sequence complementary 
to E sequence, preferably 5 ' -TTTTTCTTACTACGG-3 ' (SEQ ID NO: 64) , is 
added, and further to the 3' -side thereof, about 25 
nucleotide-equivalent complementary sequence counted in the reverse 

15 direction from the termination codon of the desired cDNA sequence 
the length of which is adjusted to have G or C as the final nucleotide, 
is selected and added as the 3' -end of the reverse side synthetic 
DNA. 

PCR can be done according to the usual method with, for example, 

20 ExTaq polymerase (Takara Shuzo) . Preferably, PCR is performed using 
Vent polymerase (NEB) , and desired fragments thus amplified are 
digested with NotI, then inserted to NotI site of the plasmid vector 
pBluescript. Nucleotide sequences of PCR products thus obtained are 
confirmed with a sequencer to select a plasmid having the right 

25 sequence. The inserted fragment is excised from the plasmid using 
NotI, and cloned to the NotI site of the plasmid carrying the genomic 
cDNA deficient in one or more envelope genes. Alternatively, it is 
also possible to obtain the recombinant Sendai virus cDNA by directly 
inserting the fragment to the NotI site without the mediation of the 

30 plasmid vector pBluescript. 

It is also possible to transcribe a viral vector DNA of the 
present invention in test tubes or cells, reconstitute RNP with viral 
L, P and NP proteins, and produce the virus vector comprising this 
RNP. Reconstitution of virus from the viral vector DNA can be-carried 

35 out according to methods known in the art using cells expressing 
envelope proteins (W097/16539 and 97/16538: Durbin, A. P. et al . , 
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1997, Virology 235: 323-332; Whelan, S. P. et al . , 1995, Proc. Natl. 
Acad. Sci. USA 92: 8388-8392; Schnell, M. J. et al . , 1994, EMBO J. 
13: 419 5-4 2 03; Radecke, F. et al . , 1995, EMBO J . 14: 577 3-57 84; Lawson, 
N. D. et al., Proc. Natl. Acad. Sci. USA 92: 4477-4481; Garcin, D. 
5 et al., 1995, EMBO J. 14: 6087-6094; Kato , A. et al . , 1996, Genes 
Cells 1: 569-579; Baron, M. D. and Barrett, T., 1997, J. Virol. 71: 
1265-1271; Bridgen, A. and Elliott, R. M., 1996, Proc. Natl. Acad. 
Sci. USA 93: 15400-15404) . These methods enable reconstituting , from 
DNA, desired paramyxovirus vectors including the parainfluenza virus , 

10 vesicular stomatitis virus, rabies virus, measles virus, rinderpest 
virus, Sendai virus vectors, etc. When a viral vector DNA is made 
deficient in F, HN and/or M genes, infectious virus particles are 
not formed with such a defective vector by itself. However, it is 
possible to form infectious virus particles by separately 

15 transferring these deficient genes, genes encoding other viral 
envelope proteins, and such, to host cells and expressing them 
therein. 

Methods for transferring viral vector DNA into cells include 
the following: 1) the method of preparing DNA precipitates that can 

20 be taken up by objective cells; 2) the method of preparing a DNA 
comprising complex which is suitable for being taken up by objective 
cells and which is also not very cytotoxic and has a positive charge, 
and 3) the method of instantaneously boring on the objective cellular 
membrane pores wide enough to allow DNA molecules to pass through 

25 by electric pulse. 

In Method 2) , a variety of transfection reagents can be utilized, 
examples being DOTMA (Boehringer) , Superfect (QIAGEN #301305) , DOTAP , 
DOPE, DOSPER (Boehringer #1811169) , etc. An example of Method 1) is 
a transfection method using calcium phosphate, in which DNA that 

30 entered cells are incorporated into phagosomes, and a sufficient 
amount is incorporated into the nuclei as well (Graham, F. L. and Van 
Der Eb, J., 1973, Virology 52: 456; Wigler, M. and Silverstein, S., 
1977, Cell 11: 223). Chen and Okayama have investigated the 
optimization of the transfer technique, reporting that optimal DNA 

35 precipitates can be obtained under the conditions where 1) cells are 
incubated with DNA in an atmosphere of 2 to 4% C0 2 at 35 °C for 15 to 




25 



24 h, 2) cyclic DNA with a higher precipitate-forming activity than 
linear DNA is used, and 3) DNA concentration in the precipitate mixture 
is 20 to 30 |LLg/ml (Chen, C. and Okayama , H., 1987, Mol . Cell. Biol. 
7: 2745). Method 2) is suitable for a transient transf ection . An 
5 old method is known in the art in which a DEAE-dextran (Sigma #D-9885, 
M.W. 5 x 10 5 ) mixture is prepared in a desired DNA concentration ratio 
to perform the transf ection . Since most of the complexes are 
decomposed inside endosomes , chloroquine may be added to enhance 
transf ection effects (Calos, M. P., 1983, Proc . Natl. Acad. Sci. USA 

10 80: 3015) . Method 3) is referred to as electroporation , and is more 
versatile compared to methods 1) and 2) because it doesn't have cell 
selectivity. Method 3) is said to be efficient under optimal 
conditions for pulse electric current duration, pulse shape, electric 
field potency (gap between electrodes, voltage) , conductivity of 

15 buffers, DNA concentration, and cell density. 

Among the above-described three categories, transf ection 
reagents (method 2)) are suitable in the case where nucleic acids 
or RNPs are introduced into cells for vector reconstitution in this 
invention, because method 2) is easily operable, and facilitates the 

20 examining of many test samples using a large amount of cells. 
Preferably, Superfect Transfection Reagent (QIAGEN, Cat. No. 301305) 
or DOSPER Liposomal Transfection Reagent (Boehringer Mannheim, Cat. 
No. 1811169) is used, but the transfection reagents are not limited 
thereto . 

25 Specifically, the reconstitution of the viral vector from cDNA 

can be performed as follows . 

Simian kidney-derived LLC-MK2 cells are cultured in 24-well to 
6-well plastic culture plates or 100 mm diameter culture dish and 
such using a minimum essential medium (MEM) containing 10% fetal calf 

30 serum (FCS) and antibiotics (100 units/ml penicillin G and 100 Mg/ml 
streptomycin) to 70 to 80% confluency, and infected, for example, 
with recombinant vaccinia virus vTF7-3 expressing T7 polymerase at 
2 PFU/cell. This virus has been inactivated by a UV irradiation 
treatment for 20 min in the presence of 1 Hg/ml psoralen (Fuerst, 

35 T. R. et al., Proc. Natl. Acad. Sci. USA 83: 8122-8126, 1986; Kato, 
A. et al., Genes Cells 1: 569-579, 1996) . Amount of psoralen added 
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and UV irradiation time can be appropriately adjusted. One hour after 
the infection, the cells are transfected with 2 to 60 |ig, more 
preferably 3 to 5 \lg , of the above-described recombinant Sendai virus 
cDNA by the lipofection method and such using plasmids (24 to 0.5 
5 |!g of pGEM-N , 12 to 0.25 |ig of pGEM-P and 24 to 0.5 Jig of pGEM-L, more 
preferably 1 Mg of pGEM-N, 0.5 |lg of pGEM-P and 1 |lg of pGEM-L) (Kato, 
A. et al . , Genes Cells 1: 569-579, 1996) expressing trans-acting viral 
proteins required for the production of full-length Sendai viral 
genome together with Superfect (QIAGEN) . The transfected cells are 

10 cultured in a serum-free MEM containing 100 p.g/ml each of rifampicin 
(Sigma) and cytosine arabinoside (AraC) if desired, more preferably 
only containing 40 fJ-g/ml of cytosine arabinoside (AraC) (Sigma) , and 
concentrations of reagents are set at optima so as to minimize 
cytotoxicity due to the vaccinia virus and maximize the recovery rate 

15 of the virus (Kato, A. et al . , 1996, Genes Cells 1, 569-579) . After 
culturing for about 48 to 72 h following the transf ection , the cells 
are recovered, disrupted by repeating three cycles of freezing and 
thawing, transfected to LLC— MK2 cells expressing envelope proteins, 
and cultured. After culturing the cells for 3 to 7 days, the culture 

20 solution is collected. Alternatively, infectious virus vectors can 
be obtained more efficiently by transfecting LLC-MK2 cells already 
expressing envelope proteins with plasmids expressing NP , L and P 
proteins, or transfecting together with an envelope-expressing 
plasmid. When plasmids expressing F and HN proteins is used for the 

25 envelope protein expression, the quantity ratios of plasmids 
expressing the genomic RNA, N, P, L, F and HN proteins may be set, 
for example, at 6:2:1:2:2:2 (in terms of the copy number of 
transcriptional unit) . When a plasmid expressing M protein is 
co-transf ected, it can used in the same amount as that of the F protein 

30 expression plasmid. Conditions of transf ection are not limited 
thereto, however, and can be appropriately optimized. Viral vectors 
can be amplified by culturing these cells overlaid on LLC-MK2 cells 
expressing envelope proteins (cf. Examples) . Virus titer contained 
in the culture supernatant can be determined by measuring the 

35 hemagglutination activity (HA) , which can be assayed by "endo-point 
dilution method' 7 (Kato, A. et al . , 1996, Genes Cells 1, 569-579). 
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Virus stock thus obtained can be stored at -80 °C. 

According to the method of the present invention, it is possible 
to release the viral vector of this invention into the extracellular 
5 fluid (culture supernatant) of the virus producing cells at the titer, 
for example, of 1 x 10 5 ClU/ml or more, preferably 1 x 10 6 ClU/ml or 
more, 5 x 10 6 ClU/ml or more, 1 x 10 7 ClU/ml or more, 5 x 10 7 ClU/ml 
or more , 1x10 s ClU/ml or more , and 5 x 10 8 ClU/ml or more . Furthermore , 
the present invention relates to a mammalian cell containing genes 

10 encoding envelope proteins of paramyxovirus integrated into its 
chromosome, which cell is capable of producing an infectious 
paramyxoviral vector deficient in said genes. This cell is capable 
of releasing said vector into the extracellular fluid at the titer 
of, for example, 1 x 10 5 ClU/ml or more, preferably 1 x 10 6 ClU/ml 

15 or more, 5 x 10 6 ClU/ml or more, 1 x 10 7 ClU/ml or more, 5 x 10 7 ClU/ml 
or more, 1 x 10 s ClU/ml or more, and 5 x 10 8 ClU/ml or more. Virus 
production can be carried out by the method described herein. 
Preferably, the cell maintains the genes encoding the envelope 
proteins in such a manner as to inducibly expressthe proteins. 

20 Inducible expression refers to the expression induced by a specific 
stimulus or under specific conditions, and such an expression system 
can be constituted using, for example, an inductive promoter, Cre/lox 
P, and such. The cell may maintain two or more genes encoding 
paramyxovirus envelope proteins. For example, a combination of the 

25 genes encoding F and HN proteins , F and M proeins , or HN and M proteins , 
are integrated into chromosome of the cell. 

A preferred embodiment for reconstituting viral vectors of the 
present invention is a method comprising the steps of: (a) 
transcribing the vector DNA encoding the negative strand RNA or the 

30 complementary strand thereof (positive strand) deficient in genes 
encoding envelope proteins derived from the negative-strand RNA virus 
in cells expressing viral proteins that are required for formation 
of infectious viral particles (that is, NP , P and L proteins as well 
as products of envelope protein genes deficient in the above-described 

35 genome) , and (b) co-culturing said cells with cells that contains 
the envelope protein genes deficient in the above-described genome 
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incorporated in their chromosomes and are capable of expressing said 
proteins. The virus can be harvested from the culture supernatant 
of these cells. Preferably, the method further comprises, after the 
step (b) , the steps of: (c) preparing cell extracts from the culture 
5 medium of (b) , (d) introducing said extracts into cells containing 
envelope protein genes deficient in the abov,e-described genome 
integrated into their chromosomes and culturing the cells, and (e) 
harvesting viral particles from the culture supernatant. The step 
(d) , in particular, is peferably performed under the aforementioned 

10 lower temperature conditions. Virus particles thus obtained can be 
amplified by allowing them to infect the envelope protein expressing 
cells (preferably at low temperature) . Specifically, the virus can 
be reconstituted as described in Examples . Envelope protein genes 
are not limited to those deficient in the genome, but any desired 

15 envelope protein genes capable of conferring infectivity on virus, 
such as VSV-G, may be used. 

Recombinant Sendai virus vectors of this invention can be 
appropriately diluted, for example, with physiological saline and 

20 phosphate-buffered physiological saline (PBS) to prepare a 
composition. When recombinant Sendai virus vectors of this invention 
are proliferated in chicken eggs and such, the composition can include 
chorioallantoic fluid. Compositions comprising recombinant Sendai 
virus vectors of this invention may contain physiologically 

2 5 acceptable media such as deionized water, 5% dextrose aqueous solution, 
and so on, and, furthermore, other stabilizers and antibiotics may 
also be contained. 

The type of host cells used for virus reconstitution is not 
particularly limited, so long as viral vector can be reconstituted 

30 therein. For example, in the reconstitution of Sendai virus vector 
or RNP complex, culture cells such as simian kidney-derived CV-1 cells 
and LLC-MK2 cells, hamster kidney-derived BHK cells, human-derived 
cells, and so on can be used. Infectious virus particles having the 
envelope can be also obtained by expressing appropriate envelope 

35 proteins in these cells. To obtain Sendai virus vector in a large 
quantity, the vector can be amplified, for example, by infecting virus 
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vector obtained from the above-described host cells into embryonated 
chicken eggs together, with vectors expressing envelope genes. 
Alternatively, viral vectors can be produced using transgenic chicken 
eggs in which envelope protein genes have been introduced. Methods 
5 for manufacturing viral fluid using chicken eggs have been already 
developed (Nakanishi, et al . (eds.), 1993, "Shinkei-kagaku Kenkyu-no 
Sentan-gijutu Protocol III (High Technology Protocol III of 
Neuroscience Research) , Molecular Neurocyte Physiology, Koseisha, 
Osaka, pp. 153-172) . Specifically, for example, fertilized eggs are 

10 placed in an incubator and incubated for 9 to 12 days at 37 to 38 °C 
to grow embryos . Sendai virus vector is inoculated together with 
vectors expressing envelope proteins into chorioallantoic cavity of 
eggs, and cultured for several days to proliferate the virus. 
Conditions such as culture duration may be varied depending on the 

15 type of recombinant Sendai virus used. Subsequently, 
chorioallantoic fluid comprising the virus is recovered. Separation 
and purification of Sendai virus vector can be performed according 
to the standard methods (Tashiro, M . , "Virus Experiment Protocols", 
Nagai and Ishihama (eds.), Medicalview, pp. 68-73 (1995)). 

20 As a vector to express envelope proteins, viral vectors 

themselves of this invention may be used. For example, when two types 
of vectors in which a different envelope gene is deficient in the 
viral genome are transferred to the same cell, the envelope protein 
deficient .in one vector is supplied by the expression of the other 

25 vector to complement each other, thereby leading to the formation 
of infectious virus particles and completion of replication cycle 
to amplify the viral vectors. That is, when two or more types of 
vectors are inoculated to cells in combinations so as to complement 
each other's envelope proteins, mixtures of virus vectors deficient 

30 in respective envelope proteins can be produced on a large scale and 
at a low cost. Mixed viruses thus produced are useful for the 
production of vaccines and such. Due to the deficiency of envelope 
genes, these viruses have a smaller genome size compared to the 
complete virus, so they can harbor a long foreign gene. Also, since 

35 these originally non-infectious viruses are extracellularly diluted, 
and it's difficult to retain their coinfection, they become sterile, 
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which is advantageous in managing their release to the environment. 

Recovered paramyxovirus can be purified so as to be 
substantially pure. Purification can be performed by known 
purification and separation methods including filtration, 
5 centrif ugation , column chromatographic purification, and such or by 
combination thereof . The term "substantially pure" used herein means 
that virus occupies the main ratio as a component of the sample in 
which the virus exists. Typically, substantially pure virus vectors 
can be detected by confirming that the ratio of the virus-derived 

10 proteins to the total proteins including in the sample occupies 50% 
or more, preferably 70% or more, more preferably 80% or more, and 
even more preferably 90% or more. Specifically, paramyxovirus can 
be purified, for example, by a method in which cellulose sulfate ester 
or crosslinked polysaccharide sulfate ester is used (Examined 

15 Published Japanese Patent Application (JP-B) No. Sho 62-30752; JP-B 
Sho 62-33879; JP-B Sho 62-30753), a method in which adsorption to 
fucose sulf ate-containing polysaccharide and/or a decomposition 
product thereof is used (WO97/32010) , etc. 

Gene therapy is enabled by administering viral vectors when the 

20 viral vectors are prepared by using a therapeutic gene as the foreign 
gene. In the application of viral vectors of this invention to gene 
therapy, it is possible to express a foreign gene with which treatment 
effects are expected or an endogenous gene the supply of which is 
insufficient in the patient's body, by either direct or indirect (ex 

25 vivo) administration of the vector. There is no particular 
limitation on the type of foreign gene, and in addition to nucleic 
acids encoding proteins, they may be nucleic acids encoding no 
proteins, such as an antisense or ribozyme. In addition, when genes 
encoding antigens of bacteria or viruses involved in infectious 

30 diseases are used as foreign genes, immunity can be induced in animals 
by administering these genes to the animals. That is, vectors 
carrying these genes can be used as vaccines . 

When using as vaccines, viral vectors of the present invention 
may be applicable for, for example, cancers, infectious diseases and 

35 other general disorders. For example, as cancer a treatment, it is 
possible to express genes with therapeutic effects on tumor cells 
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or antigen presenting cells (APC) such as dendritic cells (DCs) by 
using the vectors of the invention. Examples of such genes are those 
encoding the tumor antigen Muc-1 or Muc-1 like mutin tandem repeat 
peptide (US Patent No. 5,744,144), melanoma gplOO antigen , etc. Such 
5 treatments with genes have been widely applied to cancers in the 
mammary gland, colon, pancreas, prostate, lung;, etc. Combination 
with cytokines to enhance adjuvant effects is also effective in gene 
therapy. Examples of such genes are i) single-chain IL-12 in 
combination with IL-2 (Proc. Natl. Acad. Sci. USA 9 6 (15): 8591-8596, 

10 ii) interf eron-y in combination with IL-2 (US Patent No. 5,798,100), 

iii) granulocyte colony-stimulating factor (GM-CSF) used alone, and 

iv) GM-CSF aiming at the treatment of brain tumor in combination with 
IL-4 (J. Neurosurgery, 90 (6), 1115-1124 (1999)), etc. 

Examples of genes used for the treatment of infectious diseases 

15 are those encoding the envelope protein of the virulent strain H5N1 
type of influenza virus, the envelope chimera protein of Japanese 
encephalitis virus (Vaccine, vol. 17, No. 15-16, 1869-1882 (1999)), 
the HIV gag or SIV gag protein of AIDS virus (J. Immunology (2000) , 
vol. 164, 4968-4978) , the HIV envelope protein, which is incorporated 

20 as a oral vaccine encapsulated in polylactate- glycol copolymer 
microparticles for administration (Kaneko, H. et al . , Virology 267, 
8-16 (2000)), the B subunit (CTB) of cholera toxin (Arakawa, T. et 
al., Nature Biotechnology (1998) 16 (10): 934-8; Arakawa, T. et al . , 
Nature Biotechnology (1998) 16 (3): 292-297), the glycoprotein of 

25 rabies virus (Lodmell, D. L. et al . , 1998, Nature Medicine 4 (8): 
949-52) , and the capsid protein LI of human papilloma virus 6 causing 
cervical cancer (J. Med. Virol., 60, 200-204 (2000). . 

Gene therapy may also be applied to general disorders. For 
example, in the case of diabetes, the expression of insulin peptide 

30 fragment by inoculation of plasmid DNA encoding the peptide has been 
performed in type I diabetes model animals (Coon, B. et al . , J. Clin. 
Invest., 1999, 104 (2): 189-94). 

Compositions containing paramyxovirus vectors are useful as 
reagents and pharmaceuticals . Dose of the vectors may vary depending 

35 on a disease, body weight, age, sex, symptom, administration purpose , 
form of a composition to be inoculated, t administration method, gene 
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to be introduced, and so on, but it can be properly determined by 
one skilled in the art. It is preferable to inoculate, with 
pharmaceutically acceptable carriers, the vectors whose 
concentration is within the range of preferably about 10 5 pfu/ml to 
about 10 11 pfu/ml , more preferably about 10 7 pfu/ml to about 10 9 pfu/ml , 
and most preferably about 1 x 10 8 pfu/ml to about 5 x 10 8 pfu/ml. The 
dosage for humans is preferably in the range of 2 x 10 5 CIU to 2 x 
10 10 CIU and may be administered once or several times within the range 
of clinically acceptable side effects. Number of administration per 
day is similarly determined within the above-described range. The 
dosage to animals other than humans can be determined by, for example, 
multiplying the aforementioned human dosage value by the body weight 
ratio or volume ratio (e.g. values on the average) of targeted 
administration parts between animals of interest and humans. The 
subject of inoculation of the compositions containing paramyxovirus 
vectors includes all mammals such as humans, monkeys, mice, rats, 
rabbits, sheep, bovines , dogs, etc. 

Brief Description of the Drawings 

Figure 1 is a photograph showing an analytical result of the 
expression of F protein via a Cre-loxP-inducible expression system 
by Western blotting. It shows the result of detecting proteins on 
a transfer membrane cross-reacting to the anti-SeV-F antibody. by 
chemiluminescence method . 

Figure 2 indicates a diagram showing an analytical result of 
cell-surface display of F protein the expression of which was induced 
by the Cre-loxP system. It shows results of flow cytometry analysis 
for LLC-MK2/F7 with the anti-SeV-F antibody. 

Figure 3 indicates a photograph showing the result confirming 
cleavage of the expressed F protein by trypsin using Western blotting. 

Figure 4 indicates photographs showing the result confirming 
cell-surface expression of HN in an experiment of cell-surface 
adsorption onto erythrocytes . 

Figure 5 indicates photographs showing the result obtained by 
an attempt to harvest the deficient viruses by using cells expressing 
the deficient protein. It was revealed that the expression of F 
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protein by the helper cell line was stopped rapidly by the vaccinia 
viruses used in the reconstitution of F-deficient SeV. 
1. LLC-MK2 and CV-1 represent cell lysates from the respective cell 
types alone. 



lysates from the 
the induction of 



5 2. LLC-MK2/F+ad and CV-l/F+ad represent cell 
respective cells that have been subjected to, 
expression and to which adenovirus AxCANCre has been added. 

3. LLC-MK2 /F-ad and CV-l/F-ad represent cell lysates from the 
respective cell lines in which the F gene but no adenovirus AxCANCre 

10 has been introduced. 

4. LLC-MK2/F+ad 3rd represents a cell lysate from cells in which the 
expression was induced by adenovirus AxCANCre and which were then 
further passaged 3 times . 

5. Id and 3d respectively indicate one day and three days after the 
15 induction of expression. 

6. Vacld and Vac3d respectively indicate cells one day and three days 
after the infection of vaccinia virus . 

. 7. AraCld and AraC3d respectively indicate cells one day and three 
days after the addition of AraC. 

20 8. CHX Id and CHX 3d respectively indicate cells one day and three 
days after the addition of protein synthesis inhibitor cycloheximide . 

Figure 6 indicates photographs showing the result that was 
obtained by observing GFP expression after GFP-comprising F-deficient 
SeV cDNA (pSeVl 8 + /Af-GFP) was transfected into LLC-MK2 cells in which 

25 F was not expressed (detection of RNP) . In a control group, the F 
gene was shuffled with the NP gene at the 3' end, and then, SeV cDNA 
(F-shuffled SeV) , in which GFP had been introduced into the 
F-deficient site, was used. The mark "all" indicates cells 
transfected with plasmids directing the expression of the NP gene, 

30 P gene, and L gene (pGEM/NP, pGEM/P, and pGEM/L) together with SeV 
cDNA at the same time; "cDNA" indicates cells transfected with cDNA 
(pSeV18 + /AF-GFP) alone. For RNP transf ection , P0 cells expressing 
GFP were collected; the cells (10 7 cells/ml) were suspended in OptiMEM 
(GIBCO BRL) ; 100 |il of lysate prepared after treating three times 

35 with freeze-thaw cycles was mixed with 25 ]X1 of cationic liposome 
DOSPER (Boehringer Mannheim) and allowed to stand still at room 
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temperature for 15 minutes; and the mixture was added to cells (+ad) 
in which the expression of F had been induced to achieve the RNP 
transf ection . Cells expressing Cre DNA recombinase, in which no 
recombinant adenovirus had been introduced, were used as a control 
5 group of cells (-ad) . The result showed that GFP was expressed 
depending on the RNP formation of SeV in PO in LLC-MK2 cells ; and 
the F-deficient virus was amplified depending on the induction of 
expression of F in PI . 

Figure 7 indicates photographs showing the result that was 

10 obtained by studying whether functional RNP reconstituted with 
F-deficient genomic cDNA could be rescued by the F-expressing helper 
cells and form the infective virion of the deficient virus. RNP/o 
represents cells overlaid with RNP; RNP/ t represents cells that was 
transf ected with RNP. 

15 Figure 8 indicates photographs showing the evidence for the 

F-expressing cell-specific growth of the F-deficient virus. The 
lysate comprising functional RNP constructed from the genome lacking 
the gene was lipofected to the F-expressing cells as described in 
Example 2; and the culture supernatant was then recovered. This 

20 culture supernatant was added to the medium of the F-expressing cells 
to achieve the infection; on the third day, the culture supernatant 
was recovered and concurrently added to both F-expressing cells and 
cells that had not expressed F; and then the cells were cultured in 
the presence or absence of trypsin for three days . The result is shown 

25 here. The viruses were amplified only in the presence of trypsin in 
the F-expressing cells. 

Figure 9 indicates photographs showing evidence for specific 
release of the F-deficient viruses to the culture supernatant after 
the introduction into F-expressing cells. The lysate comprising 

30 functional RNP constructed from the genome lacking the gene was 
lipofected to the F-expressing cells as described in Example 2 and 
then the culture supernatant was recovered. This culture supernatant 
was added to the medium of the F-expressing cells to achieve the 
infection; on the third day, the culture supernatant was recovered 

35 and concurrently added to both F-expressing cells and cells that did 
not express F; and then the cells were cultured in the presence or 
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absence of trypsin for three days. The bottom panel shows the result 
with supernatant of the cells that did not express F. 

Figure 10 indicates photographs showing the result obtained by 
recovering viruses from the culture supernatant of the F-expressing 
5 cells , extracting the total RNA and performing Northern blot analysis 
using F and HN as probes to verify the genomic structure of virion 
recovered from the F-deficient cDNA . In the viruses recovered from 
the F-expressing cells, the HN gene was detected but the F gene was 
not detectable; and thus it was clarified that the F gene was not 

10 present in the viral genome. 

Figure 11 indicates photographs showing the result of RT-PCR, 
which demonstrates that the GFP gene is present in the locus where 
F had been deleted, as in the construct of the cDNA. 1: +18-NP, for 
the confirmation of the presence of +18 NotI site. 2: M-GFP, for the 

15 confirmation of the presence of the GFP gene in the F gene-deficient 
region. 3: F gene, for the confirmation of the presence of the F gene. 
The genomic structures of wild type SeV and F-deficient GFP-expressing 
SeV are shown in the top panel. It was verified that the GFP gene 
was present in the F-deficient locus, +18-derived NotI site was 

20 present at the 3' end of NP and the F gene was absent in any part 
of the RNA genome. 

Figure 12 indicates photographs that were obtained by the 
immuno-electron microscopic examination with gold colloid-bound IgG 
(anti-F, anti-HN) specifically reacting to F or HN of the virus. It 

25 was clarified that the spike-like structure of the virus envelope 
comprised F and HN proteins. 

Figure 13 indicates diagrams showing the result of RT-PCR, which 
demonstrates that the structures of genes except the GFP gene were 
the same as those from the wild type. 

30 Figure 14 indicates photographs showing the result obtained by 

examining the F-deficient virus particle morphology by electron 
microscopy. Like the wild-type virus particles, the F-deficient 
virus particles had helical RNP structure and spike-like structure 
inside . 

35 Figure 15 indicates photographs showing the result of In vitro 

gene transfer to a variety of cells using an F-deficient SeV vector 
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with a high efficiency. 

Figure 16 indicates diagrams showing the analytical result 
obtained after the introduction of the F-deficient SeV vector into 
primary bone marrow cells from mouse (BM c-kit+/-) . Open bars 
5 represent PE-positive/GFP-negative ; closed bars represent 
PE-positive/GFP-positive . 

Figure 17 indicates photographs showing the result of in vivo 
administration of the vector into the rat cerebral ventricle. 

Figure 18 indicates photographs showing the result obtained by 

10 using the culture supernatant comprising F-deficient SeV viruses 
recovered from the F-expressing cells to infect LLC-MK2 cells that 
do not express F, culturing the cells in the presence or absence of 
trypsin for three days to confirm the presence of viruses in the 
supernatant by HA assay. 

15 Figure 19 is a photograph showing the result obtained by 

conducting HA assay of chorioallantoic fluids after a 2-day incubation 
of embryonated chicken egg that had been inoculated with 
chorioallantoic fluid (lanes 11 and 12) from HA-positive embryonated 
eggs in Figure 18B. 

20 Figure 20 indicates photographs showing the result obtained by 

examining the virus liquid, which is HA-positive and has no 
infectivity, by immuno-electron microscopy. The presence of the 
virus particles was verified and it was found that the virion envelope 
was reactive to antibody recognizing HN protein labeled with gold 

25 colloid, but not reactive to antibody recognizing F protein labeled 
with gold colloid. 

Figure 21 indicates photographs showing the result of 
transfection of F-deficient virus particles into cells. 

Figure 22 indicates photographs showing the result of creation 

30 of cells co-expressing F and HN, which were evaluated by Western 
blotting. LLC/VacT7 / pGEM/FHN represents cells obtained by 

transfecting vaccinia-infected LLC-MK2 cells with pGEM/FHN plasmid; 
LLC/VacT7 represents vaccinia-infected LLC-MK2 cells. 
LLCMK2 / FHNmix represents LLC-MK2 cells in which the F and HN genes 

35 were introduced but not cloned. LLC/FHN represents LLC-MK2 cells in 
which the F and HN genes were introduced and the expression was induced 
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by adenovirus AxCAVCre (after 3 days); 1-13, 2-6, 2-16, 3-3, 3-18, 
3-22, 4-3 and 5-9 are cell-line numbers (names) in the cloning. 

Figure 23 indicates photographs showing the result for the 
confirmation of virus generation depending on the presence or absence 
5 pGEM/FHN. FHN-def icient GFP-expressing SeV cDNA , pGEM/NP , pGEM/P, 
pGEM/L, and pGEM/FHN were mixed and introduced into LLC-MK2 cells. 
3 hours after the gene transfer, the medium was changed with MEM 
containing AraC and trypsin and then the cells were further cultured 
for three days. 2 days after the gene transfer, observation was 

10 carried out with a stereoscopic fluorescence microscope \to evaluate 
the difference depending on the presence or absence of pGEM/FHN, and 
the virus generation was verified based on the spread of 
GFP-expressing cells. The result is shown here. When pGEM/FHN was 
added at the time of reconstitution , the spread of GFP-expressing 

15 cells was recognized; but when no pGEM/FHN was added, the GFP 
expression was observable merely in a single cell. 

Figure 24 indicates photographs showing the result of 
reconstitution by RNP transfection and growth of FHN-def icient 
viruses. On the third day after the induction of expression, cells 

20 co-expressing FHN (12 wells) were lipofected by using P0 RNP overlay 
or DOSPER, and then GFP was observed after 4 days. When RNP 
transfection was conducted, the harvest of viruses was successful 
for PI FHN-expressing cells as was for the F-def icient ones (top) . 
The growth of the FHN-def icient viruses was verified after inoculating 

25 a liquid comprising the viruses to cells in which the expression of 
FHN protein was induced 6 hours or more after the infection with 
AxCANCre (bottom panel) . 

Figure 25 indicates, photographs showing the result obtained 
after inoculating the liquid comprising viruses reconstituted from 

30 FHN-def icient GFP-expressing cDNA to LLC-MK2 , LLC-MK2/F, LLC-MK2/HN, 
and LLC-MK2/FHN and culturing them in the presence or absence of the 
trypsin. The spread of cells expressing GFP protein was verified 3 
days after the culture. The result is shown here. The expansion of 
GFP was observed only with LLC-MK2/FHN, and thus it was verified that 

35 the virus contained in the liquid was grown in a manner specific to 
FHN co-expression and dependent on trypsin. 
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Figure 26 is a photograph showing the result where the 
confirmation was carried out for the genomic structure of RNA derived 
from supernatant of the FHN-expressing cells. 

Figure 27 is a photograph showing the result where the 
5 confirmation was carried out for the genomic structure of RNA derived 
from supernatant of the F-expressing cells linfected with the 
FHN-def icient viruses. 

Figure 28 is a diagram showing inactivation of vaccinia virus 
and T7 activity when psoralen concentration was varied in psoralen/UV 
10 irradiation. 

Figure 29 is a diagram showing inactivation of vaccinia virus 
and T7 RNA polymerase activity when the duration of UV irradiation 
was varied in psoralen/UV irradiation. 

Figure 30 indicates photographs showing a cytotoxicity (CPE) 
15 of vaccinia virus after psoralen/UV irradiation . 3x 10 5 LLC-MK2 cells 
were plated on a 6-well plate. After culturing overnight, the cells 
were infected with vaccinia virus at moi=2 . After 24 hours, CPE was 
determined. The result of CPE with mock-treatment of vaccinia virus 
is shown in A; CPE after the treatment with vaccinia virus for 15, 
20 20, or 30 minutes are shown in B, C, and D, respectively. 

Figure 31 is a diagram indicating the influence of duration of 
UV treatment of vaccinia virus on the reconstitution efficiency of 
Sendai virus . 

Figure 32 is a diagram indicating the titer of vaccinia virus 
25 capable of replicating that remained in the cells after the 
reconstitution experiment of Sendai virus . 

Figure 33 is a photograph showing a result of Western blot 
analysis using anti-VSV-G antibody. 

Figure 34 indicates a diagram showing results of flow cytometry 
30 analysis using anti-VSV-G antibody. It shows the result of analysis 
of LLC-MK2 cell line (LI) for the induction of VSV-G expression on 
the fourth day after AxCANCre infection (moi=0 , 2.5, 5). Primary 
antibody used was anti-VSV-G antibody (MoAb 1-1) ; secondary antibody 
was FITC-labeled anti-mouse Ig. 
35 Figure 35 indicates photographs showing a result where 

supernatants were recovered after the infection with altered amounts 
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of AxCANCre (MOI = 0 , 1.25, 2.5, 5, 10) and a constant amount of 
pseudo-type Sendai virus having a F gene-deficient genome, and further 
the supernatants were used to infect cells before VSV-G induction 
(-) and after induction ( + ) , and cells expressing GFP were observed 
5 after 5 days. 

Figure 36 indicates photographs showing the result obtained for 
the time course of virus production amount. 

Figure 37 indicates photographs showing the result obtained by 
examining whether the infectivity is influenced by the treatment of 
10 pseudo-type Sendai virus having the F gene-deficient genome, which 
was established with the VSV-G-expressing cell line, and 
FHN-def icient Sendai virus treated with anti-VSV antibody. 

Figure 38 indicates photographs showing the result where the 
expression of the GFP gene was tested as an index to determine the 
15 presence of production of the pseudo-type virus having VSV-G in its 
capsid after the infection of VSV-G gene-expressing cells LLCG-L1 
with F and HN-def icient Sendai virus comprising the GFP gene. 

Figure 39 indicates photographs showing the result confirming 
that viruses grown in the VSV-G gene-expressing cells were deficient 
20 in F and HN genes by Western analysis of protein in the extract of 
infected cells. 

Figure 40 indicates photographs showing the result for the 
observation of GFP-expressing cells under a fluorescence microscope. 

Figure 41 is a diagram showing the improvement in efficiency 
25 for the reconstitution of SeV/AF-GFP by the combined used of the 
envelope-expressing plasmid and cell overlay. Considerable 
improvement was recognized at d3 to d4 (day 3 to day 4) of P0 (prior 
to passaging) . 

Figure 42 is a diagram showing the result where treatment 
30 conditions were evaluated for the reconstitution of SeV/AF-GFP by 
the combined used of the envelope-expressing plasmid and cell overlay . 
GFP-positive cells represent the amount of virus reconstituted. 

Figure 43 is a diagram showing the result where the rescue of 
F-def icient Sendai viruses from cDNA was tested. It shows the 
35 improvement in efficiency for the reconstitution of SeV/AF-GFP by 
the combined used of the envelope-expressing plasmid and cell overlay : 
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All the tests were positive on the seventh day. However, the 
efficiency was evaluated on the third day where the probability of 
success was midrange . 

Figure 44 indicates photographs showing the result of lacZ 
expression by LacZ-comprising F-deficient Sendai virus vector 
comprising no GFP . J 

Figure 45 indicates diagrams showing subcloning of Sendai virus 
genomic cDNA fragment (A) and structures of 5 Sendai virus genomic 
cDNAs constructed with newly introduced NotI site (B) . 

Figure 46 is a diagram showing structures of plasmids to be used 
for cloning to add NotI site, transcription initiation signal, 
intervening sequence , and transcription termination signal into SEAP . 

Figure 47 indicates photographs showing the result of plaque 
assay of each Sendai virus vector. It shows partial fluorescence 
image in the plaque assay obtained by LAS1000. 

Figure 48 is a diagram showing the result where altered 
expression levels of reporter gene (SEAP) were compared with one 
another among the respective Sendai virus vectors . The data of 
SeV18+/SEAP was taken as 100 and the respective values were indicated 
relative to it. It was found that the activity, namely the expression 
level, was decreased as the SEAP gene was placed more downstream. 

Figure 49 indicates microscopic photographs showing the 
expression of GFP in PI cells co-expressing FHN . 

Figure 50 indicates photographs showing the result of Western 
blot analysis of the extracts from cells infected with VSV-G 
pseudo-type SeV/AF:GFP using anti-F antibody (anti-F) , anti-HN 
antibody (anti-HN) , and anti-Sendai virus antibody (anti-SeV) . 

Figure 51 indicates photographs showing GFP fluorescence from 
F- and HN-deficient cells infected with VSV-G pseudo-type SeV in the 
presence or absence of a neutralizing antibody (VGV antibody) . 

Figure 52 indicates photographs showing results of Western 
analysis for VSV-G pseudo-type Sendai viruses having F gene-deficient 
or F gene- and HN gene-deficient genome, which were fractionated by 
density gradient ultracentrif ugation . 

Figure 53 indicates photographs showing hematoadsorption test 
mediated with Sendai viruses having F gene-deficient genome, or VSV-G 
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pseudo-type Sendai viruses having F gene-deficient or F gene- and 
HN gene-deficient genome. 

Figure 54 indicates diagrams showing the specificity- of 
infection to culture cells of Sendai virus having F gene-deficient 
5 genome or VSV-G pseudo-type Sendai virus. 

Figure 55 indicates photographs showing the confirmation of the 
structures of NGF-expressing F-def icient Sendai virus (NGF/SeV/AF) . 

Figure 56 is a diagram showing the activity of NGF expressed 
by the NGF-comprising cells infected with F-def icient SeV. With the 
10 initiation of culture, diluted supernatant of SeV-infected cells or 
NGF protein (control) was added to a dissociated culture of primary 
chicken dorsal root ganglion (DRG) neurons . After three days, the 
viable cells were counted by using mitochondrial reduction activity 
as an index (n=3) . The quantity of culture supernatant added 
15 corresponded to 1000-fold dilution. 

Figure 57 indicates photographs showing the activity of NGF 
expressed by the NGF-comprising cells infected with F-deficient SeV. 
With the initiation of culture, diluted supernatant of SeV-infected 
cells or NGF protein (control) was added to a dissociated culture 
20 of primary chicken dorsal root ganglion (DRG) neurons. After three 
days, the samples were observed under a microscope, 

A) control (without NGF) ; 

B) addition of NGF protein (10 ng/mL) ; 

C) addition of culture supernatant (100-fold diluted) of NGF /SeV 
25 infected cells; 

D) addition of culture supernatant (100-fold diluted) of NGF/SeV 
infected cells; 

E) addition of culture supernatant (100-fold diluted) of 

NGF/SeV/AF infected cells, and; 
30 F) addition of culture supernatant (100-fold diluted) of 

NGF/SeV/AF-GFP infected cells. 

Figure 58 is a photograph showing moi of AxCANCre and the 
expression level of F protein. 

Figure 59 indicates photographs showing the expression of 
35 LLC-MK2/F by AxCANCre. 

Figure 60 is a photograph showing the durability of expression 
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over the passages . 

Figure 61 indicates photographs showing the localization of F 
protein over the passages. 

Figure 62 is a diagram showing the correlation between GFP-CIU 
5 and anti-SeV-CIU . 

Figure 63 indicates a diagram showing structures of genes 
encoding F-deficient SeV and additional type SeV genomes having GFP 
and/or SEAP genes. 

Figure 64 indicates photographs showing micrographs showing the 
10 expression of GFP after cells continuously expressing F protein 
(LLC-MK2/F7/A) were infected with SeVl 8+/AF-GFP and cultured for 6 
days at 32°C or 37°C. . 

Figure 65 indicates a photograph showing the result that was 
obtained by culturing, at 32 °C or 37 °C in serum-free MEM containing 
15 trypsin, cells continuously expressing SeV-F protein ( LLC-MK2 / F7 / A) 
and by semi-quantitatively measuring the expression level of F protein 
by Western-blotting over time. 

Figure 66 indicates photographs showing micrographs showing the 
expression of GFP after LLC-MK2 cells were infected with SeV18+GFP 
20 or SeV18 + /AF-GFP at m.o.i.=3 and cultured for 3 days at 32°C, 37°C, 
or 38°C. 

Figure 67 indicates diagrams showing hemagglutination activity 
(HA activity) of the culture supernatants that were sampled over time 
(the media were exchanged for new ones at the same time) after LLC-MK2 
25 cells were infected with SeV18+GFP or SeV18+/AF-GFP at m.o.i.=3 and 
cultured at 32°C, 37°C, or 38°C. 

Figure 68 indicates photographs showing ratios of M protein in 
cells to that in virus-like particles. The rations were measured by 
Western-blotting with anti-M protein antibody by recovering the 
30 culture supernatants and the cells that were obtained after LLC-MK2 
cells were infected with SeV18+GFP or SeVl 8 + /AF-GFP at m.o.i.= 3 and 
cultured for 2 days at 37 °C and by using 1/10 equivalents of 1 well 
of 6-well-plate culture per lane. 

Figure 69 indicates a diagram showing the construction scheme 
35 for M-deficient SeV genome cDNA having an EGFP gene. 

Figure 70 indicates a diagram showing the construction scheme 
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for both F- and M-deficient SeV genome cDNA. 

Figure 71 indicates a diagram showing structures of the 
constructed F- and/or M-deficient SeV genes . 

Figure 72 indicates a diagram showing the construction scheme 
5 for the M gene-expressing plasmid having a hygromycin resistance gene . 

Figure 73 indicates photographs showing the result that was 
obtained by semi-quantitatively comparing the expression of M and 
F proteins by Western-blotting after cells inducibly expressing the 
cloned M (and F) proteins were infected with Cre DNA 
10 recombinase-expressing recombinant adenovirus (AxCANCre) . 

Figure 74 indicates photographs showing viral recons titution 
of M-deficient SeV (SeVl 8+/AM-GFP) using helper cell (LLC-MK2/F7/M) 
clones #18 and #62 . 

Figure 75 indicates a diagram showing the virus productivity 

15 of SeV18+/AM-GFP (time courses of CIU and HAU) . 

Figure 7 6 indicates photographs and a diagram showing the result 
of RT-PCR for confirming the gene structure in virions of 
SeV18+/AM-GFP . 

Figure 77 indicates photographs showing the result of 
20 comparison between SeV18-i-GFP and SeV18 + /AF-GFP that was obtained, 
to confirm the virus structure of SeV18+/AM-GFP , by carrying out 
Western-blotting for virus, proteins in infected LLC— MK2 cells and 
the culture supernatants . 

Figure 78 indicates a photograph showing the quantitative 
25 comparison (by preparing dilution series and by carrying out 
Western-blotting) of virus-derived proteins in the culture 
supernatants of LLC-MK2 cells infected with SeV18+/AM-GFP and 
SeV18+/AF-GFP . 

Figure 79 indicates a diagram showing HA activity of the culture 
30 supernatants that were recovered over time after LLC-MK2 cells were 
infected with SeVl 8+/AM-GFP or SeV18+/AF-GFP at m.o.i.=3. 

Figure 80 indicates photographs showing fluorescence 
micrographs 4 days after LLC-MK2 cells were infected with 

SeV18+/AM-GFP or SeV18+/AF-GFP at m.o.i.=3. 
35 Figure 81 indicates photographs showing fluorescence 

micrographs 2 days after LLC-MK2 cells were infected using cationic 
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liposomes (Dosper) with the culture supernatants that were recovered 
5 days after LLC-MK2 cells were infected with SeV18+/AM-GFP or 
SeV18+/AF-GFP at m.o.i.=3. 

Figure 82 indicates photographs showing viral reconstitution 

5 of F- and M-deficient SeV (SeV18+/AMAF-GFP) . 

Figure 83 indicates photographs showing fluorescence 
micrographs 3 days and 5 days after both M- and F-expressing cells 
(LLC-MK2/F7/M62/A) were infected with SeV18+/AM-GFP or 
SeV18+/AF-GFP. 

10 Figure 84 represents a construction scheme for the vector that 

induces the M or F gene expression and has the Zeocin selection marker. 

Figure 85 shows the expression of M and F proteins in M and F 
expressing helper cells. 

Figure 86 represents photographs showing the GFP expression in 
15 cells transfected with M and F-deficient SeV having GFP gene. 

Figure 87 is a graph showing the virus production from cells 
producing M and F-deficient SeV having GFP gene. 

Figure 88 represents the genome structure of M and F-deficient 
SeV confirmed by RT-PCR. "dF" represents SeV18+/AF-GFP , "dM" 
20 SeV18+/AM-GFP, and "dMdF" SeVl 8+/AmAf-GFP , respectively. 

Figure 89 represents the results of Western blot analyses 
confirming deficiency of the expression of M and F proteins in cells 
transfected with M and F-deficient SeV. 

Figure 90 is a graph showing the results of HA assay for examining 
25 the presence or absense of the secondarily released virus particles 
from cells transfected with M and F-deficient SeV. 

Figure 91 represents photographs showing the results of 
examining the presence or absense of the secondarily released virus 
particles from cells transfected with M and F-deficient SeV. The 
30 examination was performed by transfecting cells with the culture 
supernatant of the M and F-deficient SeV-transf ected cells. 

Figure 92 represents photographs showing the infectivity of M 
and F-deficient SeV and M-deficient SeV against cerebral cortex nerve 
cells. 

35 Figure 93 represents photographs showing the expression of the 

transferred gene after the In vivo administration of M and F-deficient 
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SeV and M-def icient SeV into the gerbil brain. 

Figure. 94 is a series of graphs showing the moi-dependent 
cytotoxicity of M and F-def icient SeV and M-def icient SeV. "Cont." 
represents SeV having the replication ability (SeV18+GFP) , "dF" 
5 SeV18+/AF-GFP, "dM" SeVl 8+/AM-GFP , and "dMdF" SeV18+/AMAF-GFP . 

Best Mode for Carrying out the Invention 

The present invention is illustrated in detail below with 
reference to Examples, but is not to be construed as being limited 
10 thereto. All the references cited herein are incorporated by 
reference . 

[Example 1] Construction of F-def icient Sendai virus 

<1> Construction of F-deficient SeV genomic cDNA and F-expressing 

plasmid 

15 The full-length genomic cDNA of Sendai virus (SeV) , pSeV18 + b ( + ) 

(Hasan, M. K. et al . , 1997, J. General Virology 78: 2813-2820) 
("pSeV18 + b( + )" is also referred to as "pSeV18 + ") was digested with 
Sphl/Kpnl, and the resulting fragment (14673 bp) was recovered and 
cloned into plasmid pUC18 to generate pUC18/KS . The F-disrupted site 

20 was constructed on this pUC18/KS . The F gene disruption was performed 
by the combined use of PCR-ligation method, and as a result, the ORF 
for the F gene (ATG-TGA=1698 bp) was removed; thus atgcatgccggcagatga 
(SEQ ID NO: 1) was ligated to it to construct the F-deficient SeV 
genomic cDNA (pSeV18 + /AF) . In PCR, a PCR product, generated by using 

25 a primer pair (forward: 5 ' -gttgagtactgcaagagc/SEQ ID NO: 2, reverse: 
5 ' -tttgccggcatgcatgtttcccaaggggagagttttgcaacc/SEQ ID NO: 3) was 
ligated upstream of F and another PCR product generated by using a 
primer pair (forward: 5 ' -atgcatgccggcagatga/ SEQ ID NO: 4, reverse: 
5 • -tgggtgaatgagagaatcagc/SEQ ID NO: 5) was ligated downstream of the 

30 F gene at EcoT22I site. The resulting plasmid was digested with SacI 
and Sail, and then the fragment (4931 bp) spanning the region 
comprising the site where F is disrupted was recovered and cloned 
into pUC18 to generate pUC18/dFSS . This pUC18/dFSS was digested with 
Drain. The resulting fragment was recovered and substituted with 

35 a Drain fragment from the region comprising the F gene of pSeV18 + ; 
and the ligation was carried out to generate plasmid pSeV18 + /AF. 
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Further, in order to construct a cDNA (pSeV18 + /AF-GFP) in which 
the EGFP gene has been introduced at the site where F was disrupted, 
the EGFP gene was amplified by PCR. To set the EGFP gene with a 
multiple of 6 (Hausmann, S. et al . , RNA 2, 1033-1045 (1996)), PCR 
5 was carried out with an Nsil-tailed primer 

(5 1 -atgcatatggtgatgcggttttggcagtac : SEQ ID NO: 6) for the 5' end and 
an NgoMIV-tailed primer ( 5 • -Tgccggctattattacttgtacagctcgtc : SEQ ID 
NO: 7) for the 3' end. The PCR products were digested with restriction 
enzymes Nsil and NgoMIV, and then the fragment was recovered from 

10 the gel; the fragment was ligated at the site of pUC18/dFSS between 
Nsil and NgoMIV restriction enzyme sites where the disrupted F is 
located and the sequence was determined. A Drain fragment 
comprising the EGFP gene was removed and recovered from the site, 
and substituted for a Drain fragment in the region comprising the 

15 F gene of pSeV18 + ; then ligation was carried out to obtain plasmid 
pSeV18 + /AF-GFP. 

On the other hand, Cre-loxP-inducible expression plasmid for 
F gene expression was constructed by amplifying the SeV F gene by 
PCR, confirming the sequence, and inserting into the unique site Swal 
20 of plasmid pCALNdLw (Arai et al., J. Virology 72, 1998, plll5-1121) , 
in which the expression of gene products has been designed to be 
induced by Cre DNA recombinase, to obtain plasmid pCALNdLw/F. 
<2> Preparation of helper cells inducing the expression of SeV-F 
protein 

25 To recover infectious virus particles from F-deficient genome, 

a helper cell strain expressing SeV-F protein was established. The 
cell utilized was LLC-MK2 cell that is commonly used for the growth 
of SeV and is a cell strain derived from monkey kidney. The LLC-MK2 
cells were cultured in MEM containing 10% heat-treated inactivated 

30 fetal bovine serum ( FBS ) , sodium penicillin G (50 units/ml) , and 
streptomycin (50 |Hg/ml) at 37 °C under 5% C0 2 gas. Because SeV-F gene 
product is cytotoxic , the above-mentioned plasmid pCALNdLw/F designed 
to induce the expression of F gene product through Cre DNA recombinase 
was introduced into LLC— MK2 cells by calcium phosphate method 

35 (mammalian transfection kit (Stratagene) ) according to the gene 
transfer protocol . 
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10 Jig of plasmid pCALNdLw/F was introduced into LLC-MK2 cells 
grown to be 40% confluent in a 10-cm plate, and the cells were cultured 
in 10 ml of MEM containing 10% FBS at 37 °C under 5% C0 2 for 24 hours 
in an incubator. After 24 hours, the cells were scraped off, and 
5 suspended in 10 ml medium; then the cells were plated on 5 dishes 
with 10-cm diameter (one plate with 5 ml; 2 plates: with 2 ml; 2 plates 
with 0.2 ml) in MEM containing 10 ml of 10% FBS and 1200 fig /ml G418 , 
(GIBCO-BRL) for the cultivation. The culture was continued for 14 
days while the medium was changed at 2-day intervals, to select cell 
10 lines in which the gene has been introduced stably. 30 cell strains 
were recovered as G418-resistant cells grown in the medium by using 
cloning rings. Each clone was cultured to be confluent in 10-cm 
plates . 

After the infection of each clone with recombinant adenovirus 

15 AxCANCre expressing. Cre DNA recombinase, the cells were tested for 
the expression of SeV-F protein by Western blotting using anti-SeV-F 
protein monoclonal IgG <f236; J. Biochem. 123: 1064-1072) as follows. 

After grown to be confluent in a 6-cm dish, each clone was 
infected with adenovirus AxCANCre at moi=3 according to the method 

2 0 of Saito et al. , (Saito et al . , Nucl . Acids Res. 23: 3816-3 821 (1995) ; 
Arai, T. et al . , J Virol 72, 1115-1121 (1998) ) . After the infection, 
the cells were cultured for 3 days. The culture supernatant was 
discarded and the cells were washed twice with PBS buffer, scraped 
off with a scraper and were collected by centrif ugation at 1500x g 

25 for five minutes. 

The cells are kept at -80 °C and can be thawed when used. The 
cells collected were suspended in 150 Hi PBS buffer, and equal amount 
of 2x Tris-SDS-BME sample loading buffer (0.625 M Tris , pH 6.8, 5% 
SDS, 25% 2 -ME, 50% glycerol, 0.025% BPB; Owl) was added thereto . The 

30 mixture was heat-treated at 98 °C for 3 minutes and then used as a 
sample for electrophoresis. The sample (lx 10 5 cells/lane) was 
fractionated by electrophoresis in an SDS-polyacrylamide gel (Multi 
Gel 10/20, Daiichi Pure Chemicals) . The fractionated proteins were 
transferred onto a PVDF transfer membrane (Immobilon-P transfer 

35 membranes; Millipore) by semi-dry blotting . The transfer was carried 
out under a constant current of 1 mA/cm 2 for 1 hour onto the transfer 
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membrane that had been soaked in 100% methanol for 30 seconds and 
then in water for 30 minutes. 

The transfer membrane was shaken in a blocking solution 
containing 0.05% Tween20 and 1% BSA (BlockAce; Snow Brand Milk 
5 Products) for one hour, and then it was incubated at room temperature 
for 2 hours with an anti-SeV-F antibody (f236) which had been diluted 
1000-folds with a blocking solution containing 0.05% Tween 20 and 
1% BSA. The transfer membrane was washed 3 times in 20 ml of PBS-0.1% 
Tween20 while being shaken for 5 minutes and then it was washed in 

10 PBS buffer while being shaken for 5 minutes. The transfer membrane 
was incubated at room temperature for one hour in 10 ml of 
peroxidase-conjugated anti-mouse IgG antibody (Goat anti-mouse IgG; 
Zymed) diluted 2000-fold with the blocking solution containing 0.05% 
Tween 20 and 1% BSA. The transfer membrane was washed 3 times with 

15 20 ml of PBS-0.1% Tween20 while being shaken for 5 minutes, and then 
it was washed in PBS buffer while being shaken for 5 minutes. 

Detections were carried out for proteins cross-reacting to the 
anti-SeV-F antibody on the transfer membrane by chemiluminescence 
method (ECL western blotting detection reagents; Amersham) . The 

20 result is shown in Figure 1 . The SeV-F expression specific to AxCANCre 
infection was detected to confirm the generation of LLC-MK2 cells 
that induce expression of a SeV-F gene product. 

One of the several resulting cell lines, LLC-MK2/F7 cell, was 
analyzed by flow cytometry with an anti-SeV-F antibody (Figure 2) . 

25 Specifically, lx 10 5 cells were precipitated by centrif ugation at 
15,000 rpm at 4°C for 5 minutes, washed with 200 |Lll PBS, and allowed 
to react in PBS for FACS (NIKKEN CHEMICALS) containing 100-fold 
diluted anti-F monoclonal antibody (f236) , 0.05% sodium azide, 2% 
FCS at 4°C for 1 hour in a dark place. The cells were again 

30 precipitated at 15,000 rpm at 4°C for 5 minutes , washed with 200 JLil 
PBS, and then allowed to react to FITC-labeled anti-mouse IgG (CAPPED 
of 1 Hg/ml on ice for 30 minutes. Then the cells were again washed 
with 200 Hi PBS, and then precipitated by centrif ugation at 15,000 
rpm at 4°C for 5 minutes. The cells were suspended in 1 ml of PBS 

35 for FACS and then analyzed by using EPICS ELITE (Coulter) argon laser 
at an excitation wavelength of 488 nm and at a fluorescence wavelength 
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of 525 nm. The result showed that LLC-MK2/F7 exhibited a high 
reactivity to the antibody in a manner specific to the induction of 
SeV-F gene expression, and thus it was verified that SeV-F protein 
was expressed on the cell surface. 

5 

[Example 2] Confirmation of function of SeV-F protein expressed by 
helper cells 

It was tested whether or not SeV-F protein, of which expression 
was induced by helper cells, retained the original protein function. 

10 After plating on a 6-cm dish and grown to be confluent, 

LLC-MK2/F7 cells were infected with adenovirus AxCANCre at moi=3 
according to the. method of Saito et al . (described above) . Then, the 
cells were cultured in MEM (serum free) containing trypsin (7.5 |ig/ml; 
GIBCO-BRL) at 37 °C under 5% C0 2 in. an incubator for three days. 

15 The culture supernatant was discarded and the cells were washed 

twice with PBS buffer, scraped off with a scraper, and collected by 
centrifugation at 1500 x g for five minutes . The cleavage of expressed 
F protein by trypsin was verified by Western blotting as described 
above (Figure 3) . SeV-F protein is synthesized as F0 that is a 

20 non-active protein precursor, and then the precursor is activated 
after being digested into two subunits Fl and F2 by proteolysis with 
trypsin. LLC-MK2/F7 cells after the induction . of F protein 
expression thus, like ordinary cells, continues to express F protein, 
even after being passaged, and no cytotoxicity mediated by the 

25 expressed F protein was observed as well as no cell fusion of F 
protein-expressing cells was observed. However, when SeV-HN 
expression plasmid (pCAG/SeV-HN) was transfected into the 
F-expressing cells and the cells were cultured in MEM containing 
trypsin for 3 days, cell fusion was frequently observed. The 

30 expression of HN on the cell surface was confirmed in an experiment 
using erythrocyte adsorption onto the cell surface (Hematoadsorption 
assay; Had assay) (Figure 4) . Specifically, 1% chicken erythrocytes 
were added to the culture cells at a concentration of 1 ml/dish and 
the mixture was allowed to stand still at 4°C for 10 minutes. The 

35 cells were washed 3 times with PBS buffer, and then colonies of 
erythrocytes on the cell surface were observed. Cell fusion was 
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recognized for cells on which erythrocytes aggregated; cell fusion 
was found to be induced through the interaction of F protein with 
HN; and thus it was demonstrated that F protein, the expression of 
which was sustained in LLC-MK2/F7, retained the original function 
5 thereof . 

[Example 3] Functional RNP having F-deficient genome and formation 
of virions 

To recover virions from the deficient viruses, it is necessary 

10 to use cells expressing the deficient protein. Thus, the recovery 
of the deficient viruses was attempted with cells expressing the 
deficient protein, but it was revealed that the expression of F protein 
by the helper cell line stopped rapidly due to the vaccinia viruses 
used in the reconstitution of F-deficient SeV (Figure 5) and thus 

15 the virus reconstitution based on the direct supply of F protein from 
the helper cell line failed. It has been reported that replication 
capability of vaccinia virus is inactivated, but the activity of T7 
expression is not impaired by the treatment of vaccinia virus with 
ultraviolet light of long wavelengths (long-wave UV) in the presence 

20 of added psoralen (PLWUV treatment) (Tsung et al . , J Virol 70 , 165-171, 
1996). Thus, virus reconstitution was attempted by using 
PLWUV-treated vaccinia virus (PLWUV-VacT7 ) . UV Stratalinker 2 400 
(Catalog NO. 400676 (100V) ; Stratagene, La Jolla, CA, USA) equipped 
with five 15-Watt bulbs was used for ultraviolet light irradiation. 

25 The result showed that the expression of F protein was inhibited from 
the F-expressing cells used in the reconstitution, but vaccinia 
viruses were hardly grown in the presence of AraC after lysate from 
the cells reconstituted with this PLWUV-VacT7 was infected to the 
helper cells, and it was also found that the expression of F protein 

30 by the helper cell line was hardly influenced. Further, this 
reconstitution of wild type SeV using this PLWUV-VacT7 enables the 
recovery of viruses from even 10 3 cells, whereas by previous methods, 
this was not possible unless 10 5 or more cells were there, and thus 
the efficiency of virus reconstitution was greatly improved. Thus, 

35 reconstitution of F-deficient SeV virus was attempted by using this 
method . 
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<Reconstitution and amplification of F-deficient SeV virus> 

The expression of GFP was observed after transfecting LLC-MK2 
cells with the above-mentioned pSeV18 + /AF-GFP in which the enhanced 
green fluorescent protein (EGFP) gene had been introduced as a reporter 
5 into the site where F had been disrupted according to the 6n rule 
in the manner as described below . It was also tested for the influence 
of the presence of virus-derived genes NP , P, and L that are three 
components required for the formation of RNP . 

LLC-MK2 cells were plated on a 100-mm Petri-dish at a 

10 concentration of 5x 10 6 cells/dish and were cultured for 24 hours. 
After the culture was completed, the cells were treated with psoralen 
and ultraviolet light of long wavelengths (365 nm) for 20 minutes, 
and the cells were infected with recombinant vaccinia virus expressing 
T7 RNA polymerase (Fuerst, T.R. et al . , Proc. Natl. Acad. Sci . USA 

15 83, 8122-8126 (1986)) at room temperature for one hour (moi=2) (moi=2 
to 3 ; preferably moi=2) . After the cells were washed 3 times , plasmids 
pSeV18 + /AF-GFP, pGEM/NP , pGEM/P, and pGEM/L (Kato , A . . et al . , Genes 
cells 1, 569-579 (1996)) were respectively suspended in quantities 
of 12 |lg, 4 fig, 2 Jig, and 4 [ig /dish, in OptiMEM (GIBCO) ; SuperFect 

20 transfection reagent (1 M-g DNA/5 \il SuperFect; QIAGEN) was added 
thereto; the mixtures were allowed to stand still at room temperature 
for 10 minutes; then they are added to 3 ml of OptiMEM containing 
3% FBS; cells were added thereto and cultured. The same experiment 
was carried out using wild-type SeV genomic cDNA (pSeV( + )) (Kato, 

25 A. et al., Genes cells 1, 569-579 (1996)) as a control instead of 
pSeV18 + /AF-GFP . After culturing for 3 hours, the cells were washed 
twice with MEM containing no serum, and then cultured in MEM containing 
cytosine {3-D-arabinof uranoside (AraC, 40 \lq/ml; Sigma) and trypsin 
(7.5 \xg/ml; GIBCO) for 70 hours. These cells were harvested, and the 

30 pellet was suspended in OptiMEM (10 7 cells/ml) . After 
f reeze-and-thaw treatment was repeated 3 times, the cells were mixed 
with lipofection reagent DOSPER (Boehringer Mannheim) (10 6 cells/25 
\il DOSPER) and allowed to stand still at room temperature for 15 
minutes. Then F-expressing LLC-MK2/F7 cell line (10 6 cells /well in 

35 12-well plate) was transfected, and the cells were cultured in MEM 
containing no serum (containing 40 ^g/ml AraC and 7.5 |Xg/ml trypsin) . 
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The result showed that the expression of GFP was recognized only 
when all the three components, NP , P, and L derived from the virus 
are present and the deficient virus RNP expressing foreign genes can 
be generated (Figure 6) . . 
5 <Conf irmation of F -deficient virions> 

It was tested whether the functional RNP reconstituted by 
F-deficient genomic cDNA by the method as described above could be 
rescued by the F-expressing helper cells and form infective virions 
of F-deficient virus. Cell lysates were mixed with cationic 

10 liposome; the lysates were prepared by freeze/thaw from cells 
reconstituted under conditions in which functional RNP is formed 
(condition where pSeV18 VAf-GFP , pGEM/NP , pGEM/P, and pGEM/L are 
transfected at the same time) or conditions under which functional 
RNP is not formed (conditions in which two plasmids , pSeVl 8 + /Af-GFP 

15 and pGEM/NP , are transfected) as described above; the lysates were 
lipofected into F-expressing cells and non-expressing cells; the 
generation of virus particles was observed based on the expansion 
of the distribution of GFP-expressing cells. The result showed that 
the expansion of distribution of GFP-expressing cells was recognized 

20 only when the introduction to the F-expressing cells was carried out 
by using a lysate obtained under condition in which functional RNP 
is reconstituted (Figure 7) . Furthermore, even in plaque assay, the 
plaque formation was seen only under the same conditions. From these 
results, it was revealed that functional RNPs generated from 

25 F-deficient virus genome were further converted into infective virus 
particles in the presence of F protein derived from F-expressing cells 
and the particles were released from the cells . 

The demonstration of the presence of infective F-deficient 
virions in the culture supernatant was carried out by the following 

30 experiment. The lysate comprising the functional RNP constructed 
from the F gene deficient genome was lipofected to F-expressing cells 
as described in Example 2, and the culture supernatant was recovered. 
This culture supernatant was added to the medium of F-expressing cells 
to achieve the infection; on the third day, the culture supernatant 

35 was recovered and concurrently added to both F-expressing cells and 
cells that did not express F; and then the cells were cultured in 
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the presence or absence of trypsin for three days. In F-expressing 
cells, viruses were amplified only in the presence of trypsin (Figure 
8) It was also revealed that non-infectious virus particles were 
released into the supernatant of cells that do not express F (in the 
5 bottom panel of Figure 9) or from F-expressing cells cultured in the 
absence of trypsin. A summary of the descriptions above is as follows : 
the growth of F-deficient GFP-expressing viruses is specific to 
F-expressing cells and depends on the proteolysis with trypsin. The 
titer of infective F-deficient Sendai virus thus grown ranged from 
10 0.5x 10 7 to Ix 10 7 ClU/ml. 

[Example 4] Analysis of F-deficient GFP-expressing virus 

In order to confirm the genomic structure of virions recovered 
from F-deficient cDNA , viruses were recovered from the culture 

15 supernatant of the F-expressing cells, the total RNA was extracted 
and then Northern blot analysis was conducted by using F and HN as 
probes. The result showed that the HN gene was detectable, but the 
F gene was not detectable in the viruses harvested from the 
F-expressing cells, and it was clarified that the F gene was not 

20 present in the viral genome (Figure 10) . Further, by RT-PCR, it was 
confirmed that the GFP gene was present in the deleted locus for F 
as shown in the construction of the cDNA (Figure 11) and that the 
structures of other genes were the same as those from the wild type. 
Based on the findings above, it was shown that no rearrangement of 

25 the genome had occurred during the virus recons titution . In addition, 
the morphology of recovered F-deficient virus particles was examined 
by electron microscopy. Like the wild type virus, F-deficient virus 
particles had the helical RNP structure and spike-like structure 
inside (Figure 14) . Further, the viruses were examined by. 

30 immuno-electron microscopy with gold colloid-conjugated IgG (anti-F, 
anti-HN) specifically reacting to F or HN. The result showed that 
the spike-like structure of the envelope of the virus comprised F 
and HN proteins (Figure 12) , which demonstrated that F protein 
produced by the helper cells was efficiently incorporated into the 

35 virions. The result will be described below in detail. 

<Extraction of total RNA, Northern blot analysis, and RT-PCR> 
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Total RNA was extracted from culture supernatant obtained 3 days 
after the infection of F-expressing cell LLC-MK2/F7 with the viruses 
by using QIAamp Viral RNA mini kit (QIAGEN) according to the protocol . 
The purified total RNA (5 |Xg) was separated by electrophoresis in 
5 a 1% denaturing agarose gel containing formaldehyde, and then 
transferred onto a Hybond-N+ membrane in a vacuum blotting device 
(Amersham-Pharmacia) . The prepared membrane was fixed with 0.05 M 
NaOH, rinsed with 2-fold diluted SSC buffer (Nacalai tesque) , and 
then was subjected to pre-hybridization in a hybridization solution 

10 (Boehringrer Mannheim) for 30 minutes; a probe for the F or HN gene 
prepared • by random prime DNA labeling (DIG DNA Labeling Kit; 
Boehringer Mannheim) using digoxigenin (DIG) -dUTP (alkaline 
sensitive) was added thereto and then hybridization was performed 
for 16 hours. Then, the membrane was washed, and allowed to react 

15 to alkaline phosphatase-con j ugated anti-DIG antibody 

(anti-digoxigenin-AP) ; the analysis was carried out by using a DIG 
detection kit. The result showed that the HN gene was detectable but 
the F gene was not detectable in the viruses harvested from the 
F-expressing cells, and it was clarified that the F gene was not 

20 present in the viral genome (Figure 10) . 

Further, detailed analysis was carried out by RT-PCR. In the 
RT-PCR, first strand cDNA was synthesized from the purified virus 
RNA by using SUPERSCRIPT I I Preamplif ication System (GIBCO-BRL) 
according to the protocol; the following PCR condition was employed 

25 with LA PCR kit (TAKARA ver2.1): 94°C/3 min ; 30 cycles for the. 
amplification of 94°C/45 sec, 55°C/45 sec,72°C/90 sec; incubation 
at 72 °C for 10 minutes; then the sample was electrophoresed in a 2% 
agarose gel at 10 0 v for 3 0 minutes , the gel was stained with ethidium 
bromide for a photographic image. Primers used to confirm the M gene 

30 and EGFP inserted into the F-deficient site were forward 1: 
5 1 -atcagagacctgcgacaatgc (SEQ ID NO: 8) and reverse 1: 
5 ' -aagtcgtgctgcttcatgtgg (SEQ ID NO : 9 ) ; primers used to confirm EGFP 
inserted into the F-deficient site and the HN gene were forward 2: 
5 ' -acaaccactacctgagcacccagtc (SEQ ID NO: 10) and reverse 2: 

35 5 ' -gcctaacacatccagagatcg (SEQ ID NO: 11); and the junction between 
the M gene and HN gene was confirmed by using forward 3: 




5 ' -acattcatgagtcagctcgc (SEQ ID NO: 12) and reverse. 2 primer (SEQ 
ID NO: 11) . The result showed that the GFP gene was present, in the 
deficient locus for F as shown in the construction of the cDNA (Figure 
11) and that the structures of other genes were the same as those 
5 from the wild type (Figure 13) . From the findings shown above, it 
is clarified that no rearrangement of the genome had resulted during 
the virus reconstitution . 

<Electron microscopic analysis with gold colloid-conjugated 
immunoglobulin> 

10 The morphology of recovered F-deficient virus particles were 

examined by electron microscopy . First , culture supernatant of cells 
infected with the deficient viruses was centrifuged at 28,000 rpm 
for 30 minutes to obtain a virus pellet; then the pellet was 
re-suspended in 10-fold diluted PBS at a concentration of lx 10 9 

15 HAU/ml; one drop of the suspension was dropped on a microgrid with 
a supporting filter and then the grid was dried at room temperature; 
the grid was treated with PBS containing 3.7% formalin for 15 minutes 
for fixation and then pre-treated with PBS solution containing 0.1% 
BSA for 30 minutes; further, anti-F monoclonal antibody (f236) or 

20 anti-HN monoclonal antibody (Miura, N. et al . , Exp. Cell Res. (1982) 
141: 409-420) diluted 200-folds with the same solution was dropped 
on the grid and allowed to react under a moist condition for 60 minutes . 
Subsequently, the grid was washed with PBS, and then gold 
colloid-conjugated anti-mouse IgG antibody diluted 200-folds was 

25 dropped and allowed to react under a moist condition for 60 minutes. 
Subsequently, the grid was washed with PBS and then with distilled 
sterile water, and air-dried at room temperature; 4% uranium acetate 
solution was placed on the grid for the staining for 2 minutes and 
the grid was dried; the sample was observed and photographed in a 

30 JEM-1200EXII electron microscope (JEOL.) . The result showed that the 
spike-like structure of the envelope of the virus comprised F and 
HN proteins (Figure 12) , which demonstrated that F protein produced 
by the helper cells was efficiently incorporated into the virions. 
In addition, like the wild type virus, F-deficient virus particles 

35 had a helical RNP structure and a spike-like structure inside (Figure 
14) . 
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[Example 5] High-efficiency gene transfer to a variety of cells via 
F-deficient SeV vector In vitro 

introduction into primary culture cells of rat cerebral cortex nerve 
5 cells> 

Primary culture cells of rat cerebral cortex neurons were 
prepared and cultured as follows: an SD rat (SPF/VAF Crj : CD, female, 
332 g, up to 9-week old; Charles River) on the eighteenth day of 
pregnancy was deeply anesthetized by diethyl ether, and then 

10 euthanized by bloodletting from axillary arteries . The fetuses were 
removed from the uterus after abdominal section. The cranial skin 
and bones were cut and the brains were taken out. The cerebral 
hemispheres were transferred under a stereoscopic microscope to a 
working solution DMEM (containing 5% horse serum, 5% calf serum and 

15 10% DMSO) ; they were sliced and an ice-cold papain solution (1.5 U, 
0.2 mg of cysteine, 0.2 mg of bovine serum albumin, 5 mg glucose, 
DNase of 0.1 mg/ml) was added thereto; the solution containing the 
sliced tissues was incubated for 15 minutes while shaking by inverting 
the vial every 5 minutes at 32 °C. After it was verified that the 

20 suspension became turbid enough and the tissue sections became 
translucent, the tissue sections were crushed into small pieces by 
pipetting. The suspension was centrifuged at 1200 rpm at 32 °C for 
5 minutes, and then the cells were re-suspended in B27-supplemented 
neural basal medium (GIBCO-BRL, Burlington, Ontario, Canada). The 

25 cells were plated on a plate coated with poly-D-lysine (Becton 
Dickinson Labware, Bedford, MA, U.S.A.) at a density of lx 10 5 
cells/dish and then cultured at 37 °C under 5% C0 2 . 

After the primary culture of nerve cells from cerebral cortex 
(5x 10 5 /well) were cultured for 5 days, the cells were infected with 

30 F-deficient SeV vector (moi=5) and further cultured for three days. 
The cells were fixed in a fixing solution containing 1% 
paraformaldehyde , 5% goat serum, and 0 . 5% Triton-X at room temperature 
for five minutes. Blocking reaction was carried out for the cells 
by using BlockAce (Snow Brand Milk Products) at room temperature for 

35 2 hours, and then incubated with 500-fold diluted goat anti-rat 
microtubule-associated protein 2 (MAP-2) (Boehringer) IgG at room 
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temperature for one hour. Further, the cells were washed three times 
with PBS (-) every 15 minutes and then were incubated with 
cys3-conjugated anti-mouse IgG diluted 100-folds with 5% goat 
serum/PBS at room temperature for one hour. Further, after the cells 
5 were washed three times with PBS (-) every 15 minutes, Vectashield 
mounting medium (Vector Laboratories, Burlingame, U.S.A.) was added 
to the cells; the cells, which had been double-stained with MAP-2 
immuno staining and GFP fluorescence, were f luorescently observed 
by using a confocal microscope (Nippon Bio-Rad MRC 1024, Japan) and 

10 an inverted microscope Nikon Diaphot 300 equipped with excitation 
band-pass filter of 470-500-nm or 510-550-nm. The result showed that 
GFP had been introduced in nearly 100% nerve cells that were 
MAP2-positive (Figure 15) . 
introduction into normal human cells> 

15 Normal human smooth-muscle cells, normal human hepatic cells, 

and normal human pulmonary capillary endothelial cells (Cell Systems) 
were purchased from DAINIPPON PHARMACEUTICAL and were cultured with 
SFM CS-C medium kit (Cell Systems) at 37 °C under 5% C0 2 gas. 

Human normal cells, such as normal human smooth-muscle cells 

20 (Figure 15, Muscle) , normal human hepatic cells (Figure 15, Liver) , 
and normal human pulmonary capillary endothelial cells (Figure 15, 
Lung) , were infected with F-deficient SeV vector (m.o.i=5) , and then 
the expression of GFP was observed. It was verified that the 
introduction efficiency was nearly 100% and the GFP gene was expressed 

25 at very high levels in all the cells (Figure 15) . 

introduction into mouse primary bone marrow cells> 

Further, an experiment was conducted, in which mouse primary 
bone marrow cells were separated by utilizing lineage markers and 
were infected with F-deficient SeV vector. First, 5-f luorouracil 

30 (5-FU, Wako Pure Chemical Industries) was given to C57BL mouse (6-week 
old male) at a dose of 150 mg/kg by intraperitoneal injection (IP 
injection) ; 2 days after the administration, bone marrow cells were 
collected from the thighbone. The mononuclear cells were separated 
by density gradient centrif ugation using Lympholyte-M (Cedarlane) . 

35 A mixture (3x 10 7 ) of S treptavidin-magnetic beads (Pharmingen ; 
Funakoshi) , which had been coated with biotin-labeled anti-CD45R 
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(B220) , anti-Ly6G (Gr-1) , anti-Ly-76 (TER-119) , anti-1 (Thyl.2) , and 
anti-Mac-1, were added to the mononuclear cells (3x 10 6 cells) , and 
the resulting mixture was allowed to react at 4°C for 1 hour; a fraction, 
from which Lin + cells had been removed by a magnet, was recovered (Lin" 
5 cells) (Erlich, S. et al . , Blood 1999. 93 (1) , 80-86) . SeV of 2x 10 7 
HAU/ml was added to 4x 10 5 cells of Lin" cell, and further recombinant 
rat SCF (100 ng/ml , BRL) and recombinant human IL-6 (100 U/ml) were 
added thereto . In addition, F-def icient SeV of 4x 10 7 ClU/ml was added 
to 8x 10 5 of total bone marrow cells, and GFP-SeV of 5x 10 7 ClU/ml 

10 was added to Ix 10 6 cells. GFP-SeV was prepared by inserting a 
PCR-amplif ied NotI fragment, which contains the green fluorescence 
protein (GFP) gene (the length of the structural gene is 717 bp) to 
which a transcription initiation (Rl) , a termination (R2) signal and 
an intervening (IG) sequence are added, at the restriction enzyme 

15 Notl-cleavage site of SeV transcription unit pSeV18+b(+) (Hasan, M. 
et al, J. Gen. Virol., 1997, 78:2813-2820). The reconstitution of 
viruses comprising the GFP gene was performed according to a known 
method (Genes Cells, 1996, 1: 569-579) , using LLC-MK2 cells and 
embryonated egg, and then the viruses comprising the gene of interest 

20 were recovered. After a 48-hour culture following the infection with 
GFP-SeV, the cells were divided into two groups; one of them was 
allowed to react to phycoerythrin (PE) -labeled anti-CD117 (c-kit; 
Pharmingen) for 1 hour; the other was a control group. The cells were 
washed 3 times with PBS then were analyzed in a flow cytometer (EPICS 

25 Elite ESP; Coulter, Miami, FL) . 

The result showed that F-def icient SeV vector was also infected 
to bone marrow cells enriched by anti-c-kit antibody that has been 
utilized as a marker for blood primitive stem cells and the expression 
of the GFP gene was observed (Figure 16) . The presence of infective 

30 particles in the culture supernatant was confirmed by determining 
the presence of GFP-expressing cells three days after the addition 
of cell culture supernatant treated with trypsin to LLC-MK2 cells. 
It was clarified that none of these cells released infective virus 
particles. 

35 

[Example 6] Vector administration into rat cerebral ventricle 
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Rats (F334/Du Cr j , 6 week old, female, Charles River) were 
anesthetized by intraperitoneal inj ection of Nembutal sodium solution 
(Dainabot) diluted 10 folds (5 mg/ml) with physiological saline 
(Otsuka Pharmaceutical Co . , Ltd.). Virus was administrated using 
5 brain stereotaxic apparatus for small animals (DAVID KOPF) . 20 \il 
(10 8 CIU) were injected at the point 5.2 mm toward bregma from 
interaural line, 2.0 mm toward right ear from lambda, 2.4 mm beneath 
the brain surface , using 30G exchangeable needles (Hamilton) . A high 
level expression of GFP protein was observed in ventricle ependymal 

10 cells (Figure 17) . Furthermore, in the case of F deficient SeV vector , 
the expression of GFP protein was observed only in ependymal cells 
or nerve cells around the injection site, which come into contact 
with the virus, and no lesion was found in this region. Abnormality 
in behavior or changes in body weight were not observed in the 

15 administered rats until dissection. After dissection, no lesion was 
found in the brain or in any of the tissues and organs analyzed, such 
as liver, lung, kidney, heart, spleen, stomach, intestine, and so 
forth. 

20 [Example 7] Formation of F-less virus particles from F deficient SeV 
genome 
<1> 

F non-expressing LLC-MK2 cells and F expressing LLC-MK2 cells 
(LC-MK2/F7) were infected with F deficient SeV virus and cultured 

25 with ( + ) and without (-) trypsin. The result of HA assay of cell 
culture supernatant after 3 days is shown in Figure 18A. The culture 
supernatants were inoculated to embryonated chicken eggs, and the 
result of HA assay of chorioallantoic fluids after a 2 ■ day-culture 
is shown in Figure 18B. "C" on top of panel indicates PBS used as 

30 the control group. The numbers indicated under "Dilution" indicates 
the dilution fold of the virus solution. Further, HA-positive 
chorioallantoic fluids in embryonated chicken eggs (lanes 11 and 12) 
was reinoculated into embryonated chicken eggs, and after culturing 
for two days, the chorioallantoic fluid was examined with HA assay 

35 (Figure 19C) . As a result, F non-expressing cells or embryonated 
chicken eggs infected with F deficient SeV virus were found to be 
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HA-positive. However, viruses had not propagated after 

re-inoculation to embryonated chicken eggs, proving that the 
.HA-positive virus solution does not have secondary infectivity. 
<2> 

5 The non-infectious virus solution amplified in F non-expressing 

cells was examined for the existence of virus particles . Northern 
blot analysis was performed for total RNA prepared from the culture 
supernatant of F expressing cells, HA-positive, non-infectious 
chorioallantoic fluid, and wildtype SeV by QIAamp viral RNA mini kit 

10 (QIAGEN) , using the F gene and HN gene as probes. As a result, bands 
were detected for RNA- derived from chorioallantoic fluid or virus 
in culture supernatant of F expressing cells when the HN gene was 
used as the probe, whereas no bands were detected when using the F 
gene probe (Figure 10). It was proven that the HA-positive, 

15 non-infectious fluid has non-infectious virus-like particles with 
an F deficient genome. Further, analysis of the HA-positive, 
non-infectious virus solution by an immunoelectron microscopy 
rev ealed the existence of virus particles, and the envelope of virion 
reacted to the antibody recognizing gold colloid-labeled HN protein, 

20 but not to the antibody recognizing gold colloid-labeled F protein 
(Figure 20). This result showed the existence of F-less virions, 
proving that the virus can be formed as a virion with HN protein alone, 
even without the existence of the F protein. It has been shown that 
SeV virion can form with F alone (Leyer, S. et al . , J Gen. Virol 79, 

25 683-687 (1998)), and the present result proved for the first time 
that SeV virion can be formed with HN protein alone. Thus, the fact 
that F-less virions can be transiently produced in bulk in embryonated 
chicken eggs shows that virions packaging SeV F deficient RNP can 
be produced in bulk. 

30 <3> 

As described above, F-less virions transiently amplified in 
embryonated chicken eggs are not at all infective towards cells 
infected by the Sendai virus. To confirm that functional RNP 
structures are packaged in envelopes, F expressing cells and 
35 non-expressing cells were, mixed with cationic liposome (DOSPER, 
Boehringer mannheim) and transfected by incubation for 15 minutes 
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at room temperature. As a result, GFP-expressing cells were not 
observed at all when the cells are not mixed with the cationic liposome, 
whereas all cells expressed .GFP when mixed with cationic liposome. 
In F non-expressing cells, GFP expression was seen only in individual 
5 cells and did not extend to adjacent cells, whereas in F expressing 
cells, GFP-expressing cells extended to form colonies (Figure 21) . 
Therefore, it became clear that non-infectious virions transiently 
amplified in embryonated chicken eggs could express a gene when they 
are introduced into cells by methods such as transf ection . 

10 

[Example 8] Reconstitution and amplification of the virus from 
FHN-def icient SeV genome 

Construction of FHN-def icient genomic cDNA> 

To construct FHN-def icient SeV genomic cDNA (pSeV18 + /AFHN) , 
15 pUC18/KS was first digested with EcoRI to construct pUC18/Eco, and 
then whole sequence from start codon of F gene to stop codon of HN 
gene (4866-8419) was deleted, then it was ligated at BsiWI site 
(cgtacg) . After the sequence of FHN deleted region was . confirmed by 
base sequencing, EcoRI fragment (4057 bp) was recovered from gels 
20 to substitute for EcoRI fragment of pUC18/KS to accomplish the 
construction. A KpnI/SphI fragment (14673 bp) comprising the FHN 
deleted region was recovered from gels to substitute for KpnI/SphI 
fragment of pSeV18 + to obtain plasmid pSeV18 + /AFHN . 

On the other hand, the. construction of FHN-def icient SeV cDNA 
25 introduced with GFP was accomplished as follows. Sall/Xhol fragment 
(7842 bp) was recovered from pSeVl 8 + /AFHN , and cloned into pGEMllZ 
(Promega) . The resultant plasmid was named as pGEMUZ/SXdFHN . To 
the FHN-def icient site of pGEMUZ/SXdFHN, PGR product with Bsixl sites 
at both ends of ATG-TAA (846 bp) of d2EGFP (Clontech) was ligated 
30 by digesting with BsiXI enzyme. The resultant plasmid was named as 
pSeV18 + /AFHN-d2GFP . 

Establishment of FHN-def icient , protein co-expressing cell line> 
The plasmid expressing F gene is identical to the one used for 
establishment of F deficient, protein co-expressing cell line, and 
35 plasmid expressing HN gene was similarly constructed, and the fragment 
comprising ORF of HN was inserted to unique Swal site of pCALNdLw 
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(Arai et al . , described above) to obtain plasmid named pCALNdLw/HN . 

LLC-MK2 cells were mixed with same amount or different ratio 
of pCALNdLw/F and pCALNdLw/HN , to introduce genes using mammalian 
transfection kit (Stratagene) , according to the manufacture's 
5 protocol. Cells were cloned after a three week-selection with G418. 
Drug resistant clones obtained were infected with a recombinant 
adenovirus (Ade/Cre, Saito et al . , described above) (moi=10) , which 
expresses Cre DNA recombinase. Then the cells were collected 3 days 
after inducing expression of F and HN protein after washing 3 times 
10 with PBS (-) , and they were probed with monoclonal IgG of anti-SeV 
F protein and anti-SeV HN protein by using Western blotting method 
(Figure 22) . 

Construction of pGEM/FHN> 

F and HN fragments used for the construction of pCALNdLw/F and 

15 pCALNdLw/HN were cloned into pGEM4Z and pGEM3Z (Promega) to obtain 
pGEM4Z/F and pGEM3Z/HN , respectively. A fragment obtained by PvuII 
digestion of the region comprising T7 promoter and HN of pGEM3Z/HN 
was recovered, and ligated into the blunted site cut at the. Sad unique 
site at the downstream of F gene of pGEM4Z/F. F and HN proteins were 

20 confirmed by Western blotting using anti-F or anti-HN monoclonal 
antibodies to be expressed simultaneously when they were aligned in 
the same direction. 

<Reconstitution of FHN-def icient virus> 

The reconstitution of FHN-def icient viruses (P0) was done in 

25 two ways. One was using the RNP transfection method as used in the 
reconstitution of F deficient virus, and the other was using T7 to 
supply co-expressing plasmids . Namely, under the regulation of T7 
promoter, plasmids expressing F and HN proteins were constructed 
separately, and using those plasmids F and HN proteins were supplied 

30 for the reconstitution. In both methods, reconstituted viruses were 
amplified by FHN coexpressing cells. FHN-def icient , GFP-expressing 
SeV cDNA (pSeVl 8 + /AFHN-d2GFP) , pGEM/NP , pGEM/P, pGEM/L, and pGEM/FHN 
were mixed in the ratio of 12 M.g/10 cm dish, 4 p.g/10 cm dish, 2 Hg/10 
cm dish, 4 [lg/10 cm dish, and 4 |Lig/10 cm dish (final total volume, 

35 3 ml/10 cm dish) for gene introduction into LLC-MK2 cells in the same 
way as F deficient SeV reconstitution described above. Three hours 
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after the gene introduction, media was changed to MEM containing AraC 
(40|ig/ml, SIGMA) and trypsin (7.5Hg/ml, GIBCO) , and cultured further 
for 3 days . Observation was carried out by fluorescence stereoscopic 
microscope 2 days after gene introduction. The effect of pGEM/FHN 
5 addition was analyzed, and the virus formation was confirmed by the 
spread of GFP-expressing cells. As a result, a spread of 
GFP-expressing cells was observed when pGEM/FHN was added at 
reconstitution, whereas the spread was not observed when pGEM/FHN 
was not added, and the. GFP expression was observed only in a single 

10 cell (Figure 23) . It is demonstrated that the addition at FHN protein 
reconstitution caused virus virion formation. On the other hand, 'in 
the case of RNP transf ection , virus recovery was successfully 
accomplished in FHN expressing cells of PI, as in the. case of F 
deficiency (Figure 24, upper panel). 

15 Virus amplification was confirmed after infection of 

FHN-def icient virus solution to cells induced to express FHN protein 
6 hours or more after Ade/Cre infection (Figure 24, lower panel) . 

Solution of viruses reconstituted from FHN-def icient 
GFP-expressing SeV cDNA was infected to LLC-MK2 , LLC-MK2/F, 

20 LLC-MK2/HN and LLC-MK2/FHN cells, and cultured with or without the 
addition of trypsin. After 3 days of culture, spread of GFP protein 
expressing cells was analyzed. As a result, spread of GFP was observed 
only in LLC-MK2/FHN, confirming that the virus solution can be 
amplified specifically by FHN co-expression and in a trypsin dependent 

25 manner (Figure 25) . 

To confirm FHN-def icient viral genome, culture supernatant 
recovered from LLC-MK2/FHN cells was centrifuged, and RNA was 
extracted using QIAamp Viral RNA mini kit (QIAGEN) , according to 
manufacturer's protocol. The RNA was used for template synthesis of 

30 RT-PCR using Superscript Preamplif ication System for first Strand 
Synthesis (GIBCO BRL) , and PCR was performed using TAKARA Z-Taq 
(Takara) . F-def icient virus was used as a control group. PCR primer 
sets were selected as combination of M gene and GFP gene, or 
combination of M gene and L gene (for combination of M gene and GFP 

35 gene (M-GFP) , forward: 5 1 -atcagagacctgcgacaatgc / SEQ ID NO: 13, 
reverse: 5 1 -aagtcgtgctgcttcatgtgg / SEQ ID NO: 14; for combination 
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of M gene and L gene (M-L) , forward: 5 1 -gaaaaacttagggataaagtccc / 
SEQ ID NO: 15, reverse: 5 ' -gttatctccgggatggtgc / SEQ ID NO: 16) . As 
a result, specific bands were obtained for both F-def icient and 
FHN-def icient viruses at RT conditions when using M and GFP genes 
5 as primers. In the case of using M and L genes as primers, the bands 
with given size comprising GFP were detected for FHN deficient sample, 
and lengthened bands with the size comprising HN gene were detected 
for F deficient one. Thus, FHN deficiency in genome structure was 
proven (Figure 26) . 

10 On the other hand, FHN-def icient virus was infected to F 

expressing cells similarly as when using the F-def icient virus, and 
culture supernatant was recovered after 4 days to perform infection 
experiment toward LLC-MK2 , LLC-MK2/F, and LLC-MK2 / FHN . As a result, 
GFP expression cell was not observed in any infected cell, showing 

15 that the virus has no infectiousness to these cells. However, it has 
been already reported that F protein alone is enough to form virus 
particles (Leyer, S. et al, J. Gen. Virol. 79, 683-687 (1998)) and 
that asialoglycoprotein receptor (ASG-R) mediates specific infection 
to hepatocytes (Spiegel et al . , J. Virol 72, 5296-5302, 1998). Thus, 

20 virions comprising FHN-def icient RNA genome, with virus envelope 
configured with only F protein may be released to culture supernatant 
of F expressing cells. Therefore, culture supernatant of F 
expressing cells infected with FHN-def icient virus was recovered, 
and after centrif ugation , RNA was extracted as described above and 

25 analyzed by RT-PCR by the method described above. As a result, the 
existence of RNA comprising FHN-def icient genome was proved as shown 
in Figure 27 . 

Western blotting analysis of virus virion turned into 
pseudotype with VSV-G clearly shows that F and HN proteins are not 
30 expressed. It could be said that herein, the production system of 
FHN-def icient virus virions was established. 

Moreover, virions released from F protein expressing cells were 
overlaid on FHN expressing or non-expressing LLC-MK2 cells with or 
without mixing with a cationic liposome (50 \il DOSPER/500 (il/well) . 
35 As a result , spread of GFP-expressing cells was observed when overlaid . 
as mixture with DOSPER, while HN-less virion only has no 
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infectiousness at all, not showing GFP-expressing cells, as was seen 
in the case of F-less particles described above. In FHN 
non-expressing cells GFP expressing cell was observed, but no evidence 
of virus re-formation and spread was found. 
5 These virus-like particles recovered from F expressing cells 

can infect cells continuously expressing ASG-R gene, ASG-R 
non-expressing cells, or hepatocy tes , and whether the infection is 
liver-specific or ASG-R specific can be examined by the method of 
Spiegel et al . 

10 

[Example 9] Application of deficient genome RNA virus vector 

1. F-deficient RNP amplified in the system described above is 
enclosed by the F-less virus envelope . The envelope can be introduced 
into cells by adding any desired cell-introducing capability to the 

15 envelope by chemical modification .methods and such, or by gene 
introducing reagents or gene guns or the like (RNP transf ection , or 
RNP injection), and the recombinant RNA genome can replicate and 
produce proteins autonomously and continuously in the cells. 

2. A vector capable of specific targeting can be produced, when 
20 intracellular domain of HN is left as-is, and the extracellular domain . 

of HN is fused with ligands capable of targeting other receptors in 
a specific manner, and recombinant gene capable of producing chimeric 
protein is incorporated into viral-genome . In addition, the vector 
can be prepared in cells producing the recombinant protein. These 
25 vectors can be applicable to gene therapy, as vaccines, or such. 

3. Since the reconstitution of SeV virus deficient in both FHN has 
been successfully accomplished, targeting vector can be produced by 
introducing targeting-capable envelope chimeric protein gene into 
FHN deletion site instead of the GFP gene, reconstituting it by the 

30 same method as in the case of FHN-def icient vector, amplifying the 
resultant once in FHN-expressing cells, infecting the resultant to 
non-expressing cells, and recovering virions formed with only the 
targeting-capable chimeric envelope protein transcribed from the 
viral-genome. 

35 4. A mini-genome of Sendai virus and a virion formed with only F 

protein packaging mini-genome by introducing NP , P, L and F gene to 



cells have been reported (Leyer etal., J Gen. Virol 79,683-687 , 1998) . 
A vector in which murine leukemia virus is turned into pseudo-type 
by Sendai F protein has also been reported (Spiegel et al . , J. Virol 
72 , 5296-5302, 1998) . Also reported so far is the specific targeting 
of trypsin-cleaved F-protein to hepatocytes mediated by ASG-R (Bitzer 
etal., J. Virol. 71, 5481-5486, 1997) . The systems in former reports 
are transient particle-forming systems, which make it difficult to 
continuously recover vector particles. Although Spiegel et al . has 
reported retrovirus vector turned into pseudo-type by Sendai F protein , 
this method carries intrinsic problems like the retrovirus being able 
to introduce genes to only mitotic cells. The virus particles 
recovered in the present invention with a FHN co-deficient SeV 
viral-genome and only the F protein as the envelope protein are 
efficient RNA vectors capable of autonomous replication in the 
cytoplasm irrespective of cell mitosis. They are novel virus 
particles, and is a practical system facilitating mass production. 

[Example 10] Virus reconstitution and amplification from 
FHN-def icient SeV genome 

The techniques of reconstitution of infectious virus particles 
from cDNA that cloned the viral genome has been established for many 
single-strand minus strand RNA viruses such as the Sendai virus, 
measles virus. 

In most of the systems, reconstitution is carried out by 
introducing plasmids introduced with cDNA, NP , P, and L genes at the 
downstream of T7 promoter into cells and expressing cDNA and each 
gene using T7 polymerase. To supply T7 polymerase, recombinant 
vaccinia virus expressing T7 polymerase is mainly used. 

T7 expressing vaccinia virus can express T7 polymerase 
efficiently in most cells. Although, because of vaccinia 
virus-induced cytotoxicity, infected cells can live for only 2 or 
3 days . In most cases , rif ampicin is used as an anti-vaccinia reagent . 
In the system of Kato et al . (Kato, A. et al . , Genes cells 1, 569-579 
(1996)), AraC was used together with rifampicin for inhibiting 
vaccinia virus growth to a minimum level , and efficient reconstitution 
of Sendai virus. 
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However, the reconstitution efficiency of minus strand RNA 
virus represented by Sendai virus is several particles or less in 
lx 10 5 cells, far lower than other viruses such as retroviruses. 
Cytotoxicity due to the vaccinia virus and the complex reconstitution 
5 process (transcribed and translated protein separately attaches to 
bare RNA to form RNP-like structure, and after that, transcription 
and translation occurs by a polymerase) can be given as reasons for 
this low reconstitution efficiency. 

In addition to the vaccinia virus, an adeno virus system was 

10 examined as a means for supplying T7 polymerase, but no good result 
was obtained. Vaccinia virus encodes RNA capping enzyme functioning 
in cytoplasm as the enzyme of itself in addition to T7 polymerase 
and it is thought that the enzyme enhances the translational 
efficiency by capping the RNA transcribed by T7 promoter in the 

15 cytoplasm. The present invention tried to enhance the reconstitution 
efficiency of Sendai virus by treating vaccinia virus with 
Psoralen-Long-Wave-UV method to avoid cytotoxicity due to the 
vaccinia virus . 

By DNA cross-linking with Psoralen and long-wave ultraviolet 

20 light, the state in which the replication of virus with DNA genome 
is inhibited, without effecting early gene expression in particular, 
can be obtained. The notable effect seen by inactivation of the virus 
in the system may be attributed to that vaccinia virus having a long 
genome (Tsung, K. et al . , J Virol 70, 165-171 (1996) ) . 

25 In the case of wildtype virus that can propagate autonomously, 

even a single particle of virus formed by reconstitution makes it 
possible for Sendai virus to be propagated by inoculating transf ected 
cells to embryonated chicken eggs. Therefore, one does not have to 
consider of the efficiency of reconstitution and the residual vaccinia 

30 virus seriously. 

However, in the case of reconstitution of various mutant viruses 
for researching viral replication, particle formation mechanism, and 
so on, one may be obligated to use cell lines expressing a protein 
derived from virus and such, not embryonated chicken eggs, for 

35 propagation of the virus. Further, it may greatly possible that the 
mutant virus or deficient virus propagates markedly slower than the 
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wild type virus. 

To propagate. Sendai virus with such mutations, transfected 
cells should be overlaid onto cells of the next generation and cultured 
for a long period. In such cases, the reconstitution efficiency and 
5 residual titer of vaccinia virus may be problematic. In the present 
method, titer of surviving vaccinia virus was successfully decreased 
while increasing reconstitution efficiency. 

Using the present method, a mutant virus that could have not 
been ever obtained in the former system using a non-treated vaccinia 

10 virus was successfully obtained by reconstitution (F, FHN-def icient 
virus) . The present system would be a great tool for the 
reconstitution of a mutant virus, which would be done more in the 
future. Therefore, the present inventors examined the amount of 
Psoralen and ultraviolet light (UV) , and the conditions of vaccinia 

15 virus inactivation . 
<Experiment> 

First, Psoralen concentration was tested with a fixed 
irradiation time of 2 min . Inactivation was tested by measuring the 
titer of vaccinia virus by plaque formation, and by measuring T7 

20 polymerase activity by pGEM-luci plasmid under the control of T7 
promoter arid mini-genome of Sendai virus . The measurement of T7 
polymerase activity of mini-genome of Sendai virus is a system in 
which cells are transfected concomitantly with plasmid of mini-genome 
of Sendai virus and pGEM/NP, pGEM/P, and pGEM/L plasmids, which 

25 express NP-, P- , and L-protein of Sendai virus by T7 , to examine 
transcription of the RNA encoding luciferase enzyme protein by RNA 
polymerase of Sendai virus after the formation of ribonucleoprqtein 
complex. 

After the 2 min UV irradiation, decrease in titer of vaccinia 
30 virus depending on psoralen concentration was seen. However, T7 
polymerase activity was unchanged for a Psoralen concentration up 
to 0, 0.3, and 1 fig /ml , but decreased approximately to one tenth at 
10 Hg/ml (Figure 28) . 

Furthermore, by fixing Psoralen concentration to 0 . 3 Jig/ml , UV 
35 irradiation time was examined. In accordance with the increase of 
irradiation time, the titer of vaccinia virus was decreased, although 
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no effect on T7 polymerase activity was found up to a 30 min irradiation . 
In this case, under the conditions of 0 . 3 Hg/ml and 3 0 min irradiation , 
titer could be decreased down to 1/1000 without affecting T7 
polymerase activity (Figure 29) . 
5 However, in vaccinia virus with a decreased titer of 1/1000, 

CPE 24 hours after infection at moi=2 calibrated to pretreatment titer 
(moi=0.002 as residual titer after treatment) was not different from 
that of non-treated virus infected at moi=2 (Figure 30) . 

Using vaccinia virus treated under the conditions described 

10 above, the efficiency of reconstitution of Sendai virus was examined. 
Reconstitution was carried out by the procedure described below, 
modifying the method of Kato et al . mentioned above. LLC-MK2 cells 
were seeded onto 6-well microplates at 3x 10 5 cells/well, and after 
an overnight culture, vaccinia virus was diluted to the titer of 6x 

15 10 5 pfu/100 [11 calibrated before PLWUV treatment, and infected to 
PBS-washed cells. One hour after infection, 100 \il of OPTI-MEM added 
with 1 , 0.5,1, and 4 fig of plasmid pGEM-NP , P , L , and cDNA , respectively , 
was further added with 10 |il Superfect (QIAGEN) and left standing 
for 15 min at room temperature, and after adding 1 ml OPTI-MEM (GIBCO) 

20 (containing Rif. and AraC) , was overlaid onto the cells. 

Two, three and four days after transf ection , cells were 
recovered, centrifuged, and suspended in 300 M-l/well of PBS. 100 [ll 
of cell containing solution made from the suspension itself , or by 
diluting the suspension by 10 or 100 folds, was inoculated to 

25 embryonated chicken eggs at day 10 following fertilization, 4 eggs, 
for each dilution (lx 10 5 , lx 10 4 , and lx 10 3 cells, respectively) . 
After 3 days, allantoic fluid was recovered from the eggs and the 
reconstitution of virus was examined by HA test (Table 1) . Eggs with 
HA activity was scored as 1 point, 10 points and 100 points for eggs 

30 inoculated with lx 10 5 , lx 10 4 , and lx 10 3 cells, respectively, to 
calculate the. Reconstitution Score (Figure 31) . The formula is as 
shown in Table 1. 
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Table 1. Effect of the duration of UV treatment of vaccinia virus 
on reconstitution efficiency of Sendai virus 
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Also, residual titers of vaccinia virus measured at 2, 3, and 
4 days after transfection within cells were smaller in the treated 
group in proportion to the titer given before transfection (Figure 
32) . 

By inactivating vaccinia virus by PLWUV, titer could be 
decreased down to 1/1000 without affecting T7 polymerase activity. 
However, CPE derived from vaccinia virus did not differ from that 
of non-treated virus with a 1000 fold higher titer. as revealed by 
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microscopic observations. 

Using vaccinia virus treated with the condition described above 
for reconstitution of Sendai virus, reconstitution efficiency 
increased from ten to hundred folds (Figure 31) . At the same time, 
5 residual titer of vaccinia virus after transfection was not 5 pfu/10 5 . 
cells or more. Thus, the survival of replicable vaccinia virus was 
kept at 0.005% or less. 

[Example 11] Construction of pseudotype Sendai virus 

10 <1> Preparation of helper cells in which VSV-G gene product is induced 
Because VSV-G gene product has a cytotoxicity, stable 
trans f ormant was created in LLC-MK2 cells using plasmid pCALNdLG (Arai 
T. et al., J. Virology 72 (1998) plll5-1121) in which VSV-G gene 
product can be induced by Cre recombinase. Introduction of plasmid 

15 into LLC-MK2 cells was accomplished by calcium phosphate method 
(CalPhosTMMammalian Transfection Kit, Clontech) , according to 
accompanying manual . 

Ten micrograms of plasmid pCALNdLG was introduced into LLC-MK2 
cells grown to 60% confluency in a 10 cm culture dish. Cells were 

20 cultured for 24 hours with 10 ml MEM-FCS 10% medium in a 5% C0 2 incubator 
at 37 °C. After 24 hours , cells were scraped of f and suspended in 10 
ml of medium, and then using five 10 cm culture dishes, 1, 2 and 2 
dishes were seeded with 5 ml , 2 ml and 0.5 ml, respectively. Then 
they were cultured for 14 days in 10 ml MEM-FCS 10% medium containing 

25 1200 p.g/ml G418 (GIBCO-BRL) with a medium change on every other day 
to select stable transf ormants . Twenty-eight clones resistant to 
G418 grown in the culture were recovered using cloning rings.. Each 
clone was expanded to confluency in a 10 cm culture dish. 

For each clone, the expression of VSV-G was examined by Western 

30 blotting described below using anti-VSV-G monoclonal antibody, after 
infection with recombinant adenovirus AxCANCre containing Cre 
recombinase. 

Each clone was grown in a 6 cm culture dish to confluency, and 
after that, adenovirus AxCANCre was infected at MOI=10 by the method 
35 of Saito et al . (see above) , and cultured for 3 days. After removing 
the culture supernatant, the cells were washed with PBS, and detached 
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from the culture dish by adding 0 . 5 ml PBS containing 0.05% trypsin 
and 0.02% EDTA (ethylenediaminetetraacetic acid) and incubating at 
37 °C, 5 min. After suspending in 3 ml PBS, the cells were collected 
by centrif ugation at 1500x g, 5 min. The cells obtained were 
5 resuspended in 2 ml PBS, and then centrifuged again at 1500x g, 5 
min to collect cells . 

The cells can be stored at -20 °C, and can be used by thawing 
according to needs. The collected cells were lysed in 100 \il cell 
lysis solution (RIPA buffer, Boehringer Mannheim) , and using whole 

10 protein of the cells (lx 10 5 cells per lane) Western blotting was 
performed. Cell lysates were dissolved in SDS-polyacrylamide gel 
electrophoresis sample buffer (buffer comprising 6 mM Tris-HCl 
(pH6.8), 2% SDS, 10% glycerol, 5% 2-mercaptoethanol) and subjected 
as samples for electrophoresis after heating at 95 °C, 5 min. The 

15 samples were separated by electrophoresis using SDS-polyacrylamide 
gel (Multigel 10/20, Daiichi Pure Chemicals Co., Ltd), and the 
separated protein was then transferred to transfer membrane 
(Immobilon-P Transf erMembranes , Millipore) by semi-dry blotting 
method. Transfer was carried out using transfer membrane soaked with 

20 100% methanol for 20 sec and with water for 1 hour , at a 1 mA/cm 2 constant 
current for 1 hour. 

The transfer membrane was shaken in 40 ml of blocking solution 
(Block-Ace, Snow Brand Milk Products Co . , Ltd.) for 1 hour, and washed 
once in PBS . 

25 The transfer membrane and 5 ml anti-VSV-G antibody (clone P4D4 , 

Sigma) diluted 1/1000 by PBS containing 10% blocking solution were 
sealed in a vinyl-bag and left to stand at 4°C. 

The transfer membrane was soaked twice in 40 ml of PBS-0 . 1% Tween 
20 for 5 min, and after the washing, soaked in PBS for 5 min for washing. 

30 The. transfer membrane and 5 ml of anti-mouse IgG antibody 

labeled with peroxidase (anti-mouse immunoglobulin, Amersham) 
diluted to 1/2500 in PBS containing 10% blocking solution were sealed 
in vinyl-bag and were shaken at room temperature for 1 hour. 

After shaking, the transfer membrane was soaked twice in 

35 PBS-0. 1% Tween 20 for 5 min, and after the washing, soaked in PBS 
for 5 min for washing. 
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The detection of proteins on the membrane crossreacting with 
anti-VSV-G antibody was carried out by the luminescence method (ECL 
Western blotting detection reagents, Amersham) . The result is shown 
in Figure 33. Three clones showed AxCANCre infection specific VSV-G 
5 expression, confirming the establishment of LLC-MK2 cells in which 
VSV-G gene product can be induced. 

One clone among the clones obtained, named as LLCG-L1 , was 
subjected to flow cytometry analysis using anti-VSV antibody (Figure 
34) . As. a result, reactivity with antibody specific to VSV-G gene 
10 induction was detected in LLCG-L1 , confirming that VSV-G protein is 
expressed on the cell surface. 

<2> Preparation of pseudotype Sendai virus comprising a genome 
deficient in the F gene using helper cells 

15 Sendai virus comprising a genome deficient in F gene was 

infected to VSV-G gene expressing cells, and whether production of 
pseudotype virus with VSV-G as capsid can be seen or not was examined 
using F-deficient Sendai virus comprising GFP gene described in the 
examples above , and the expression of GFP gene as an index . As a result , 

20 in LLCG-L1 without infection of recombinant adenovirus AxCANCre 
comprising Cre recombinase, viral gene was introduced by F-deficient 
Sendai virus infection and GFP-expressing cells were detected, 
although the number of- expressing cells was not increased. In VSV-G 
induced cells, chronological increase of GFP-expressing cells was 

25 found. When 1/5 of supernatants were further added to newly VSV-G 
induced cells, no gene introduction was seen in the former supernatant, 
while the increase of GFP-expressing cells as well as gene 
introduction were found in the latter supernatant. Also, in the case 
that supernatant from latter is added to LLCG-L1 cells without 

30 induction of VSV-G, gene was introduced, but increase of 
GFP-expressing cells was not seen. Taken together , virus propagation 
specific to VSV-G expressing cells was found, and pseudotype 
F-deficient virus formation with VSV-G was found. 

<3> Evaluation of conditions for producing pseudotype Sendai virus 
35 with F gene-deficient genome 

A certain amount of pseudotype Sendai viruses with F 
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gene-deficient genomes was infected changing the amount of AxCANCre 
infection (MOI=0, 1.25, 2.5, 5, and 10) and culture supernatant was 
recovered at day 7 or day 8. Then, the supernatant was infected to 
the cells before and after induction of VSV-G , and after 5 days , number 
5 of cells expressing GFP was compared to see the effect of amount of 
VSV-G gene expression. As a result, no virus production was found 
at MOI=0 and maximum production was found at MOI=10 (Figure 35) . In 
addition, when time course of virus production was analyzed, the 
production level started to increase from day 5 or after, persisting 

10 to day 8 (Figure 36) . The measurement of virus titer was accomplished 
by calculating the number of particles infected to cells in the virus 
solution (CIU) , by counting GFP-expressing cells 5 days after 
infection of serially (10 fold each) diluted virus solutions to cells 
not yet induced with VSV-G. As a result, the maximal virus production 

15 was found to be 5x 10 5 ClU/ml . 

<4> Effect of anti-VSV antibody on infectiousness of pseudotype Sendai 
virus with F gene-deficient genome 

As to whether pseudotype Sendai virus with F gene-deficient 
genome obtained by using VSV-G expressing cells comprises VSV-G 

20 protein in the capsid, the neutralizing activity of whether 
infectiousness will be affected was evaluated using anti-VSV antibody 
Virus solution and antibody were mixed and lest standing at room 
temperature for 30 min, and then infected to LLCG-L1 cells without 
VSV-G induction. On day 5, gene-introducing capability was examined 

25 by the existence of GFP-expressing cells . As a result, perfect 
inhibition of infectiousness was seen by the anti-VSV antibody, 
whereas in Sendai virus with F gene-deficient genome having the 
original capsid, the inhibition was not seen (Figure 37) . Therefore, 
it was clearly shown that the present virus obtained is a pseudotype 

30 Sendai virus comprising VSV-G protein in its capsid, in which 
infectiousness of the virus can be specifically inhibited by an 
antibody . 

<5> Confirmation of pseudotype Sendai virus's possession of 
F-deficient genome 
35 Western blotting analysis of cell extract of infected cells was 

carried out to examine if the present virus propagated in cells 
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expressing VSV-G gene is the F-deficient type. Western analysis was 
accomplished by the method described above. As the primary 
antibodies, anti-Sendai virus polyclonal antibody prepared from 
rabbit, anti-F protein monoclonal antibody prepared from mouse, and 
5 anti-HN protein monoclonal antibody prepared from mouse were used. 
As the secondary antibodies, anti-rabbit IgG antibody labeled with 
peroxidase in the case of anti-Sendai virus polyclonal antibody, and 
anti-mouse IgG antibody labeled with peroxidase in the case of anti-F 
protein monoclonal antibody and anti-HN protein monoclonal antibody, 
10 were used. As a result, F protein was not detected, whereas protein 
derived from Sendai virus and HN protein were detected, confirming 
it is F-deficient type. 

<6> Preparation of pseudotype Sendai virus with F and HN 
gene-deficient genome by using helper cells 

15 Whether the production of pseudotype virus with VSV-G in its 

capsid is observed after the infection of Sendai virus with F and 
HN gene-deficient genome to LLCG-L1 cells expressing VSV-G gene was 
analyzed using GFP gene expression as the indicator and F and HN 
gene-deficient Sendai virus comprising GFP gene described in examples 

2 0 above, by a similar method as described in examples above. As a result, 
virus propagation specific to VSV-G expressing cells was observed, 
and the production of F and HN deficient Sendai virus that is a 
pseudotype with VSV-G was observed (Figure 38) . The measurement of 
virus titer was accomplished by calculating the number of particles 

25 infected to cells in the virus solution (CIU) , by counting 
GFP-expressing cells 5 days after infection of serially (10 fold each) 
diluted virus solutions to cells not yet induced with VSV-G. As a 
result, the maximal virus production was lx 10 6 ClU/ml. 
<7> Confirmation of pseudotype Sendai virus's possession of F and 

30 HN deficient genome 

Western blotting of proteins in cell extract of infected cells 
was carried out to analyze whether the present virus propagated in 
VSV-G expressing cells are the F and HN deficient type. As a result, 
F and HN proteins were not detected, whereas proteins derived from 

35 Sendai virus were detected, confirming that it is F and HN deficient 
type (Figure 39) . 
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[Example 12] Analysis of virus recons titution method 
Conventional method> 

LLC-MK2 cells were seeded onto 100 mm culture dishes at 5x 10 6 
5 cells/dish. After a 24 hour culture, the cells were washed once with 
MEM medium without serum, and then infected with recombinant vaccinia 
virus expressing T7 RNA polymerase (Fuerst, T.R. et al . , Proc. Natl. 
Acad. Sci. USA 83, 8122-8126 1986) (vTF7-3) at room temperature for. 
1 hour (moi=2) (moi=2 to 3, preferably moi=2 is used) . The virus used 

10 herein , was pretreated with 3 Jlg/ml psoralen and long-wave ultraviolet 
light (365 nm) for 5 min . Plasmids pSeVl 8 + /AF-GFP , pGEM/NP, pGEM/P, 
and pGEM/L (Kato, A. et al . , Genes cells 1, 569-579 (1996)) were 
suspended in Opti-MEM medium (GIBCO) at ratio of 12 |lg, 4 fig, 2 |Xg, 
and 4 Jig/dish, respectively. Then, SuperFect transfection reagent 

15 (1 (ig DNA/5 fll , QIAGEN) was added and left to stand at room temperature 
for 15 min and 3 ml Opti-MEM medium containing 3% FBS was added. 
Thereafter, the cells were washed twice with MEM medium without serum, 
and DNA-SuperFect mixture was added. After a 3 hr culture, cells were 
washed twice with MEM medium without serum, and cultured 7 0 hours 

20 in MEM medium containing 40 fig/ml cytosine J3-D-arabinof uranoside 
(AraC, Sigma) . Cells and culture supernatant were collected as P0-d3 
samples. Pellets of P0-d3 were suspended in Opti-MEM medium (10 7 
cells/mi) . They were f reeze-thawed three times and then mixed with 
lipofection reagent DOSPER (Boehringer Mannheim) (10 6 cells/25 fil 

25 DOSPER) and left to stand at room temperature for 15 min. Then, F 
expressing LLC-MK2/F7 cells were transfected with the mixture (10 6 
cells/well in 24-well plate) and cultured with MEM medium without 
serum (containing 40 fig /ml AraC and 7.5 fig/ml trypsin). Culture 
supernatants were recovered on day 3 and day 7 and were designated 

30 as Pl-d3 and Pl-d7 samples. 

<Envelope plasmid +' F expressing cells overlaying method> 

Transfection was carried out similarly as described above, 
except that 4 |Llg/dish envelope plasmid pGEM/FHN was added. After a 
3 hr culture, cells were washed twice with MEM medium without serum, 

35 and cultured 48 hours in MEM medium containing 40 |lg/ml cytosine 
|5-D-arabinofuranoside (AraC, Sigma) and 7.5 flg/ml trypsin. After 
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removing the culture supernatant, cells were overlaid with 5 ml cell 
suspension solution of a 100 mm dish of F expressing LLC-MK2/F7 cells 
suspended with MEM medium without serum (containing 40 |Xg/ml AraC 
and 7.5.|Xg/ml trypsin) . After a 48 hr culture, cells and supernatants 
5 were recovered and designated as P0-d4 samples. Pellets of P0-d4 
samples were suspended in Opti-MEM medium (2x 10 7 cells/ml) and 
f reeze-thawed three times. Then F expressing LLC-MK2/F7 cells were 
overlaid with the suspension (2x 10 6 cells/well, 24-well plate) and 
cultured in MEM medium without serum (containing 40 |lg/ml AraC and 

10 7.5 |i.g/ml trypsin) . Culture supernatants were recovered on day 3 and 
day 7 of the culture, designated as Pl-d3 and Pl-d7 samples, 
respectively. As a control , experiment was carried out using the same 
method as described above, but without overlaying and adding only 
the envelope plasmid. 

15 <CIU (Cell Infectious Units) measurement by counting GFP-expressing 
cells (GFP-CIU)> 

LLC-MK2 cells were seeded onto a 12-well plate at 2x 10 5 
cells/well, and after 24 hr culture the wells were washed once with. 
MEM medium without serum. Then, the cells were infected with 100 

20 ill/well of appropriately diluted samples described above (P0-d3 or 
P0-d4, Pl-d3, and Pl-d7), in which the samples were diluted as 
containing 10 to 100 positive cells in 10 cm 2 . After 15 min, 1 ml/well 
of serum-free MEM medium was added, and after a further 24 hr culture, 
cells were observed under fluorescence microscopy to count 

25 GFP-expressing cells. 

Measurement of CIU (Cell Infectious Units) > 

LLC-MK2 cells were seeded onto a 12-well plate at 2x 10 5 
cells/dish and after a 24 hr culture, cells were washed once with 
MEM medium without serum. Then, the cells were infected with 100 

30 Ill/well of samples described above, in which the virus vector 
contained is designated as SeV/AF-GFP. After 15 min, 1 ml/well of 
MEM medium without serum was added and cultured for a further 24 hours . 
After the culture, cells were washed with PBS (-) three times and 
were dried up by leaving standing at room temperature for 

35 approximately 10 min to 15 min. To fix cells, 1 ml/well acetone was. 
added and immediately removed, and then the cells were dried up again 
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by leaving to stand at room temperature for approximately 10 min to 
15 min. 300 (il/well of anti-SeV polyclonal antibody (DN-1) prepared 
from rabbit, 100-fold diluted with PBS (-) was added to cells were 
and incubated for 4 5 min at 37 °C. Then, they were washed three times 
5 with PBS (-) and 300 fll/well of anti-rabbit IgG (H + L) 
fluorescence-labeled second antibody (Alexa™568, Molecular Probes) , 
200-fold diluted with PBS (-) was added and incubated for 45 min at 
37 °C. After washing with PBS (-) three times , the cells were observed 
under fluorescence microscopy (Emission: 560 nm, Absorption: 645 nm 

10 filters, Leica) to find florescent cells (Figure 40). 

As controls, samples described above (SeV/AF-GFP) were infected 
at 100 Ill/well, and after 15 min 1 ml/well of MEM without serum was 
added, and after a 24 hr culture, cells were observed under 
fluorescence microscopy (Emission : 360 nm, Absorption: 470 nm filters , 

15 Leica) to find GFP-expressing cells , without the process after the 
culture. 

[Example 13] Evaluation of the most suitable PLWUV (Psoralen and 
Long-Wave UV light) treatment conditions for vaccinia virus (vTF7-3) 
20 for increasing reconstitution efficiency of deficient-type Sendai 
virus vector 

LLC-MK2 cells were seeded onto 100 mm culture dishes at 5x 10 6 
cells/dish, and after a 24 hr culture, the cells were washed once 
with MEM medium without serum. Then, the cells were infected with 

25 recombinant vaccinia virus (vTF7-3) (Fuerst, T.R. et al . , Proc . Natl. 
Acad. Sci. USA 83, 8122-8126 (1986)) expressing T7 RNA polymerase at 
room temperature for 1 hour (moi=2) (moi=2 to 3, preferably moi=2 is 
used). The virus used herein, was pretreated with 0.3 to 3 Mg/ml 
psoralen and long-wave ultraviolet light (365 nm) for 2 to 20 min - 

30 Plasmids pSeVl 8 + /AF-GFP , pGEM/NP, pGEM/P, and pGEM/L (Kato, A. et al . , 
Genes cells 1, 569-579 (1996)) were suspended in Opti-MEM medium 
(GIBCO) at ratio of 12 \ig , 4 \lg , 2 \ig , and 4 tig/dish, respectively. 
Then, SuperFect transfection reagent (l.Jlg DNA/5 Hi, QIAGEN) was added 
and left to stand at room temperature for 15 min and 3 ml Opti-MEM 

35 medium containing 3% FBS was added. Thereafter, the cells were washed 
twice with MEM medium without serum, and then DNA-SuperFect mixture 
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was added. After a 3 hr culture, cells were washed twice with MEM 
medium without serum, and cultured 48 hours in MEM medium containing 
40 |ig/ml cytosine J3-D-arabinof uranoside (AraC, Sigma) . 
Approximately 1/20 of field of view in 100 mm culture dish was observed 
5 by a fluorescence microscope and GFP-expressing cells were counted. 
To test the inactivation of vaccinia virus (vTF7-3) , titer measurement 
by plaque formation (Yoshiyuki Nagai et al . , virus experiment 
protocols, p291-296, 1995) was carried out. 

Further, fixing the timing of recovery after transfection to 

10 day 3 , psoralen and UV irradiation time were examined . Using vaccinia 
virus (vTF7-3) treated with each PLWUV treatment, reconstitution 
efficiency of Sendai virus was examined. Reconstitution was carried 
out by modifying the method of Kato et al . , namely by the procedure 
described below. LLC-MK2 cells were seeded onto a 6-well microplate 

15 at 5x.l0 5 cells/well, and after an overnight, culture (cells were 
considered to grow to lx 10 6 cells/well) , PBS washed cells were 
infected with diluted vaccinia virus (vTF7-3) at 2x 10 6 pfu/100 ^1 
calibrated by titer before PLWUV treatment. After a 1 hour infection, 
50. |ll of Opti-MEM medium (GIBCO) was added with 1, 0.5, 1 , and 4 |lg 

20 of plasmid pGEM/NP, pGEM/P, pGEM/L , and additional type SeV cDNA 
(pSeV18 + b ( + ) ) (Hasan, M. K. et al . , J. General Virology 78: 2813-2820, 
1997) , respectively: 10 |ll SuperFect (QIAGEN) was further added and 
. left to stand at room temperature for 15 min . Then, 1 ml of Opti-MEM 
(containing 40 Jig/ml AraC) was added and overlaid onto the cells. 

25 Cells were recovered 3 days after transfection, then centrifuged and 
suspended in 100 Hl/well PBS. The suspension was diluted 10, 100, 
and 1000-fold and 100 Jil of resultant cell solution was inoculated 
into embryonated chicken eggs 10 days after fertilization, using 3 
eggs for each dilution (lx 10 5 , lx 10 4 and lx 10 3 cells, respectively) . 

30 After 3 days, allantoic fluid was recovered from the eggs and virus 
reconstitution was examined by HA test. To calculate reconstitution 
efficiency, eggs showing HA activity that were inoculated with lx 
10 5 cells, lx 10 4 cells and lx 10 3 cells, were counted as 1, 10, and 
100 point (s), respectively. 

35 <Results> 

Results of Examples 12 and 13 are shown in Figures 40 to 43, 
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and Table . 2 . The combination of envelope expressing plasmid and cell 
overlay increased the reconstitution efficiency of SeV/AF-GFP. 
Notable improvement was obtained in d3 to d4 (day 3 to day 4) of P0 

(before subculture) (Figure 41). In Table 2, eggs were inoculated 
with cells 3 days after transf ection . The highest reconstitution 
efficiency was obtained in day 3 when treated with 0.3 fig /ml psoralen 
for 20 min. Thus, these conditions were taken as optimal conditions 

(Table 2) . 

Table 2 : Effect of PLWUV treatment of vaccinia virus on reconstitution 
of Sendai virus 
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GFP-non-comprising Sendai virus vector 

Construction of F-cleficient type, LacZ gene-comprising SeV vector 
cDNA> 

To construct cDNA comprising LacZ gene at Not I restriction site 
5 existing at the upstream region of NP gene of pSeV18 + /AF described 
in Example 1 (pSeV (+18 : LacZ) /Af) , PCR was performed to amplify the 
LacZ gene. PCR was carried out by adjusting LacZ gene to multiples 
of 6 (Hausmann, S et al . , RNA 2, 1033-1045 (1996)) and using primer 
( 5 ' -GCGCGGCCGCCGTACGGTGGCAACCATGTCGTTTACTTTGACCAA-3 ' /SEQ ID NO : 

10 17) comprising Not I restriction site for 5' end, and primer 
( 5 ' -GCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGCGTACGCTATTACTTC 
TGACACCAGACCAACTGGTA-3 7 /SEQ ID NO: 18) comprising transcription, 
termination signal of SeV (E) , intervening sequence (I), 
transcription initiation signal (S) , and Not I restriction site for 

15 3' end, using pCMV-P (Clontech) as template. The reaction conditions 
were as follows. 50 ng pCMV-|3 , 200 M-M dNTP (Pharmacia Biotech) , 100 
pM primers, 4 U Vent polymerase (New England Biolab) were mixed with 
the accompanying buffer, and 25 reaction temperature cycles of 94 °C 
30 sec, 50°C 1 min, 72°C 2 min were used. Resultant products were 

20 electrophoresed with agarose gel electrophoreses. Then, 3.2 kb 
fragment was cut out and digested with NotI after purification. 
pSeV ( + 18 : LacZ) /AF was obtained by ligating with NotI digested 
fragment of pSeV18+/AF. 
Conventional method> 

25 LLC-MK2 cells were seeded onto 100 mm culture dish at 5x 10 6 

cells/dish, and after a 24 hour culture, the cells were washed once 
with MEM medium without serum. Then, the cells were infected with 
recombinant vaccinia virus (vTF7-3) (Fuerst, T.R. et al . , Proc. Natl. 
Acad. Sci. USA 83, 8122-8126 (1986)) expressing T7 RNA polymerase 

30 at room temperature for 1 hour (moi=2) (moi=2 to 3, preferably moi=2 
is used) . The virus used herein was pretreated with 3 \lg/ml psoralen 
and long-wave ultraviolet light (365 nm) for 5 min.. LacZ comprising, 
F-deficient type Sendai virus vector cDNA (pSeV ( + 18 : LacZ ) Af) , 
pGEM/NP, pGEM/P, and pGEM/L (Kato, A. et al . , Genes Cells 1, 569-579 

35 (1996)) were suspended in Opti-MEM medium (GIBCO) at a ratio of 12 
Hg, 4 ^ig, 2 |Hg, and 4 |Xg/dish, respectively, 4 |lg/dish envelope plasmid 
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pGEM/FHN and SuperFect transfection reagent (1 |Hg DNA/5 |Lll , QIAGEN) 
were added and left to stand at room temperature for 15 min. Then, 
3 ml Opti-MEM medium containing 3% FBS was added and the cells were 
washed twice with MEM medium without serum, and then the DNA-SuperFect 
5 mixture was added. After a 3 hr culture, cells were washed twice with 
MEM medium without serum, and cultured 2 4 hours in MEM medium 
containing 40 |Xg/ml cytosine p-D-arabinof uranoside (AraC, Sigma) and 
7.5 M^g/rnl trypsin. Culture supefnatants were removed and 5 ml of 
suspension of a 100 mm culture dish of F expressing LLC-MK2/F7 cells 

10 in MEM medium without serum (containing 40 jig/ml AraC and 7.5 |lg/ml 
trypsin) was overlaid onto the cells. After further a 48 hr culture, 
the- cells and supernatants were recovered and designated as P0-d3 
samples. The P0-d3 pellets were suspended in Opti-MEM medium (2x 10 7 
cells/ml) and after 3 times of f reeze-thawing , were mixed with 

15 lipofection reagent DOSPER (Boehringer Mannheim) (10 6 cells/25 \il 
DOSPER) and left to stand at room temperature for 15 min. Then, F 
expressing LLC— MK2/F7 cells were transfected with the mixture (10 6 
cells/well , 24-well plate) and cultured with MEM medium without serum 
(containing 40 Jig/ml AraC and 7 . 5 |ig/ml trypsin). the culture 

20 supernatants were recovered on day 7 , and designated as Pl-d7 samples . 
Further, total volumes of supernatants were infected to F expressing 
LLC-MK2/F7 cells seeded onto 12-well plates at 37 °C for 1 hour. Then, 
after washing once with MEM medium, the cells were cultured in MEM 
medium without serum (containing 40 |ig/ml AraC and 7 . 5 |Llg/ml trypsin) . 

25 The culture supernatants were recovered on day 7, and were designated 
as P2-d7 samples. Further, total volumes of supernatants were 
infected to F expressing LLC-MK2/F7 cells seeded onto 6-well plates 
at 37°C for 1 hour. Then, after washing once with MEM medium, the 
cells were cultured in MEM medium without serum (containing 7 . 5 [ig/ml 

30 trypsin) . The culture supernatants were recovered on day 7 , and were 
designated as P3-d7 samples. Further, total volumes of supernatants 
were infected to F expressing LLC-MK2/F7 cells seeded onto 10 cm plates 
at 37 °C for L hour. Then, after washing once with MEM medium, the 
cells were cultured in MEM medium without serum (containing 40 Hg/ml 

35 AraC and 7 . 5 Jig /ml trypsin) . The culture supernatants were recovered 
on day 7, and were designated as P4-d7 samples. 
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Measurement of CIU by counting LacZ-expressing cells (LacZ-CIU) > 
LLC-MK2 cells were seeded onto 6-well plate at 2 . 5x 10 6 
cells/well, and after a 24 hr culture, the cells were washed once 
with MEM medium without serum and infected with 1/10 fold serial 
5 dilution series of P3-d7 made using MEM medium at 37 °C for 1 hour. 
Then, the cells were washed once with MEM medium and 1 . 5 ml MEM medium 
containing 10% serum was added.. After a .three day culture at 37°C, 
cells were stained with p-Gal staining kit (Invitrogen) . Result of 
experiment repeated three times is shown in Figure 44. As the result 
10 of counting LacZ staining positive cell number, lx 10 6 ClU/ml virus 
was obtained in P3-d7 samples in any case. 

[Example 15] Regulation of gene expression levels using polarity 
effect in Sendai virus 

15 Construction of SeV genomic cDNA> 

Additional NotI sites were introduced into Sendai virus (SeV) 
full length genomic cDNA, namely pSeV( + ) (Kato, A. et al . , Genes to 
Cells 1: 569-579, 1996) , in between start signal and ATG translation 
initiation signal of respective genes. Specifically, fragments of 

20 pSeV( + ) digested with Sphl/Sall (2645 bp), Clal (3246 bp), and 
Clal/EcoRI (5146 bp) were separated with agarose gel electrophoreses 
and corresponding bands were cut out and then recovered and purified 
with QIAEXII Gel Extraction System (QIAGEN) as shown in Figure 45(A) . 
The Sphl/Sall digested fragment, Clal digested fragment, and 

25 Clal/EcoRI digested fragment were ligated to LITMUS 3 8 (NEW ENGLAND 
BIOLABS) , pBluescriptll KS + (STRATAGENE) , and pBlue script I I KS + 
(STRATAGENE) , respectively, for subcloning. Quickchange 
Site-Directed Mutagenesis kit (STRATAGENE) was used for successive 
introduction of NotI sites. Primers synthesized and used for each 

30 introduction were, sense strand: 

5 ; -ccaccgaccacacccagcggccgcgacagccacggcttcgg-3' (SEQ ID NO: 19), 
antisense strand : 5 ' -ccgaag.ccgtggctgtcgcggccgctgggtgtggtcggtgg-3 ' 
(SEQ ID NO: 20) for NP-P, sense strand: 

5' -gaaatttcacctaagcggccgcaatggcagatatctatag-3' (SEQ ID NO: 21), 

35 antisense strand: 5' -ctatagatatctgccattgcggccgcttaggtgaaatttc-3 ' 
(SEQ ID NO: 22) for P-M, sense strand: 
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5' -gggataaagtcccttgcggccgcttggttgcaaaactctcccc-3' (SEQ ID NO: 23) , 
antisense strand : 

5' -ggggagagttttgcaaccaagcggccgcaagggactttatccc-3' (SEQ ID NO: 24) 
f or M-F, sense strand: 

5 5' -ggtcgcgcggtactttagcggccgcctcaaacaagcacagatcatgg-3' (SEQ ID NO: 

25) , antisense strand: 
5' -ccatgatctgtgcttgtttgaggcggccgctaaagtaccgcgcgacc-3' (SEQ ID NO: 

26) for F-HN , sense strand: 
5 ' -cctgcccatccatgacctagcggccgcttcccattcaccctggg-3 ' (SEQ ID NO: 27) , 

10 antisense strand: 
5' -cccagggtgaatgggaagcggccgctaggtcatggatgggcagg-3' (SEQ ID NO: 28) 

for HN-L. 

As templates, Sall/SphI fragment for NP-P , Clal fragments for 
P-M and M-F, and Clal/EcoRI fragments for F-HN and HN-L, which were 

15 subcloned as described above were used, and introduction was carried 
out according to the protocol accompanying Quickchange Site-Directed 
Mutagenesis kit . Resultants were digested again with the same enzyme 
used for subcloning, recovered, and purified. Then, they were 
assembled to Sendai virus genomic cDNA. As a result, 5 kinds of 

20 genomic cDNA of Sendai virus (pSeV (+) NPP , pSeV (+) PM, pSeV (+) MF , 
pSeV ( + ) FHN, and pSeV ( + ) HNL) in which NotI sites are introduced between 
each gene were constructed as shown in Figure 45 (B) . 

As a reporter gene to test gene expression level, human secreted 
type alkaline phosphatase (SEAP) was subcloned by PCR. As primers, 

25 5' primer: 5' -gcggcgcgccatgctgctgctgctgctgctgctgggcctg-3 ' (SEQ ID 
NO: 29) and 3' primer: 

5' -gcggcgcgcccttatcatgtctgctcgaagcggccggccg-3' (SEQ ID NO: 30) 
added with AscI restriction sites were synthesized and PCR was 
performed. pSEAP-Basic (CLONTECH) was used as template and Pfu turbo 

30 DNA polymerase (STRATAGENE) was used as enzyme . After PCR, resultant 
products were digested with AscI, then recovered and purified by 
electrophoreses. As plasmid for subcloning, pBluescriptTI KS+ 
incorporated in its NotI site with synthesized double strand DNA 
[sense strand: 

35 5 ' -gcggccgcgtttaaacggcgcgccatttaaatccgtagtaagaaaaacttagggtgaaagt 
tcatcgcggccgc-3' (SEQ ID NO: 31), antisense strand: 
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5' -gcggccgcgatgaactttcaccctaagtttttcttactacggatttaaatggcgcgccgtt 
taaacgcggccgc-3' (SEQ ID NO: 32)] comprising multicloning site 
(Pmel-Ascl-Swal) and termination signal- intervening 

sequence-initiation signal was constructed (Figure 46) . To AscI site 
of the plasmid, recovered and purified RCR product was ligated and 
cloned. The resultant was digested with NotI and the SEAP gene 
fragment was recovered and purified by electrophoreses to ligate into 
5 types of Sendai virus genomic cDNA and NotI site of pSeV18 + 
respectively. The resultant virus vectors were designated as 
pS eV(+)NPP/SEAP, pSeV (+) PM/SEAP , pSeV ( + ) MF/ SEAP , pSeV ( + ) FHN/SEAP , 
pSeV (+) HNL/SEAP , and pSeVl 8 ( +) /SEAP , respectively. 
<Virus reconstitution> 

LLC-MK2 cells were seeded onto 100 mm culture dishes at 2x 10 6 
cells/dish, and after 24 hour culture the cells were infected with 
recombinant vaccinia virus (PLWUV-VacT7 ) (Fuerst, T.R. et al . , Proc . 
Natl. Acad. Sci . USA 83: 8122-8126,1986, Kato , A. et al w Genes Cells 
1: 569-579, 1996) expressing T7 polymerase for 1 hour (moi=2) at room 
temperature for 1 hour , in which the virus was pretreated with psoralen 
and UV. Each Sendai virus cDNA incorporated with SEAP, pGEM/NP, 
pGEM/P, and pGEM/L were suspended in Opti-MEM medium (GIBCO) at ratio 
of 12 Jig, 4 fig, 2 Hg, and 4 fig/dish, respectively, 110 |X1 of SuperFect 
transfection reagent (QIAGEN) was added, and left to stand at room 
temperature for 15 min and 3 ml Opti-MEM medium containing 3% FBS 
was added. Then, the cells were washed and DNA-SuperFect mixture was 
added. After a 3 to 5 hour culture, cells were washed twice with MEM 
medium without serum, and cultured 72 hours in MEM medium containing 
cytosine J3-D-arabinof uranoside (AraC) . These cells were recovered 
and the pellets were suspended with 1 ml PBS, f reeze-thawed three 
times . The 100 fil of resultant was inoculated into chicken eggs , which 
was preincubated 10 days, and further incubated 3 days at 35°C, then, 
allantoic fluid was recovered. The recovered allantoic fluids were 
diluted to 10" 5 to 10~ 7 and re-inoculated to chicken eggs to make it 
vaccinia virus-free, then recovered similarly and stocked in aliquots 
at -80 °C. The virus vectors were designated as SeVNPP/SEAP, 
SeVPM/SEAP, SeVMF/SEAP, SeVFHN/SEAP, SeVHNL/ SEAP , and SeV18/SEAP. 
<Titer measurement by plaque assay> 
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CV-1 cells were seeded onto 6-well plates at 5x 10 5 cells/well 
and cultured for 24 hours. After washing with PBS, cells were 
incubated 1 hour with recombinant SeV diluted as 10~ 3 , 10~ 4 , 10" 5 , 1CT 6 
and 10" 7 by BSA/PBS (1% BSA in PBS) , washed again with PBS , then overlaid 
5 with 3 ml/well of BSA/MEM/agarose (0.2% BSA + 2x MEM, mixed with 
equivalent volume of 2% agarose) and cultured at 37 °C, 0.5% C0 2 for 
6 days. After the culture, 3 ml of ethanol/acetic acid 
(ethanol : acetic acid=l:5) was added and left to stand for 3 hours, 
then removed with agarose. After washing three times with PBS, cells 

10 were incubated with rabbit anti-Sendai virus antibody diluted 
100-folds at room temperature for 1 hour. Then, after washing three 
times with PBS, cells were incubated with Alexa Flour™ labeled goat 
anti rabbit Ig(G+H) (Molecular Probe) diluted 200-folds at room 
temperature for 1 hour. After washing three times with PBS, 

15 fluorescence images were obtained by lumino-image analyzer LAS1000 
(Fuji Film) and plaques were measured. Results are shown in Figure 
47. In addition, results of titers obtained are shown in Table 3. 

Table 3 : Results of titers of each recombinant Sendai virus measured 
20 from results of plaque assay 



Recombinant virus Titer (pfu/ml) 



SeV18/SEAP 


3.9X109 


SeVNPP/SEAP 


4.7X108 


SeVPM/SEAP 


3.8X109 


SeVMF/SEAP 


1.5X1010 


SeVFHN/SEAP 


7.0X109 


SeVHNL/SEAP 


7.1X109 



<Comparison of reporter gene expression> 
25 LLC-MK2 cells were seeded onto a 6-well plate at 1 to 5x 10 5 

cells/well and after a 24 hour culture, each virus vector was infected 
at moi=2 . Af ter 24 hours , 100 p.1 of culture supernatants was recovered 
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and SEAP assay was carried out. Assay was accomplished with Reporter 
Assay Kit -SEAP- (Toyobo) and measured by lumino-image analyzer 
LAS1000 (Fuji Film) . The measured values were indicated as relative 
values by designating value of SeV18 + /SEAP as 100. As a result, SEAP 
5 activity was detected regardless of the position SEAP gene was 
inserted, indicated in Figure 48 . SEAP activity was found to decrease 
towards the downstream of the genome, namely the expression level 
decreased. In addition, when SEAP gene is inserted in between NP and 
P genes, an intermediate expression level was detected, in comparison 
10 to when SEAP gene is inserted in the upstream of NP gene and when 
SEAP gene is inserted between P and M genes. 

[Example 16] Increase of propagation efficiency of deficient SeV by 
double deficient Af-HN overlay method 

15 Since the SeV virus reconstitution method used now utilizes a 

recombinant vaccinia virus expressing T7 RNA polymerase (vTF7-3) , 
a portion of the infected cells is killed by the cytotoxicity of the 
vaccinia virus. In addition, virus propagation is possible only in 
a portion of cells and it is preferable if virus propagation could 

20 be done efficiently and. persistently in a more cells. However, in 
the case of paramyxovirus, cell fusion occurs when F and HN protein 
of the same kind virus exists on the cells surface at. the same time, 
causing syncytium formation (Lamb and Kolakofsky, 1996, Fields 
virology, pll89) . Therefore, FHN co-expressing cells were difficult 

25 to subculture. Therefore, the inventors thought that recovery 
efficiency of deficient virus may increase by overlaying helper cells 
expressing deleted protein (F and HN) to the reconstituted cells. 
By examining overlaying cells with different times of FHN expression, 
virus recovery efficiency of FHN co-deficient virus was notably 

30 increased. 

LLC-MK2 cells (lx 10 7 cells/dish) grown to 100% confluency in 
10 cm culture dishes was infected with PLWUV-treated vaccinia virus 
at moi=2 for 1 hour at room temperature. After that, mixing 12 |Lig/10 
cm dish, 4 |ig/10 cm dish, 2 |Llg/10 cm dish, 4 M-g/10 cm dish, and 4 ^ig/10 
35 cm dish of FHN-def icient cDNA comprising d2EGFP (pSeV18 + /AFHN-d2GFP 
(Example 8)), pGEM/NP, pGEM/P, pGEM/L, and pGEM/FHN, respectively 
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(3 ml/lOcm dish as final volume) , and using gene introduction reagent 
SuperFect (QIAGEN) , LLC-MK2 cells were introduced with genes using 
a method similar to that as described above for the recons titution 
of F-deficient virus. After 3 hours, cells were washed three times 
5 with medium without serum, then, the detached cells were recovered 
by slow-speed centrif ugation (1000 rpm/2 min) and suspended in serum 
free MEM medium containing 40 |lg/ml AraC (Sigma) and 7 . 5 |!g/ml trypsin 
(GIBCO) and added to cells and cultured overnight. FHN co-expressing 
cells separately prepared, which were 100% confluent 10 cm culture 
10 dishes, were induced with adenovirus AxCANCre at MOI=10, and cells 
at 4 hours, 6 hours , 8 hours, day 2, and day 3 were washed once with 

5 ml PBS(-) and detached by cell dissociation solution (Sigma). 
Cells were collected by slow speed centrif ugation (1000 rpm/2 min) 
and suspended in serum free MEM medium containing 40 JXg/ml AraC (Sigma) 

15 and 7.5 |lg/ml trypsin (GIBCO) . This -was then added to cells in which 
FHN co-deficient virus was reconstituted (P0) and cultured overnight. 
Two days after overlaying the cells, cells were observed using 
fluorescence microscopy to confirm the spread of virus by GFP 
expression within the cells. The results are shown in Figure 49. 

20 When compared to the conventional case (left panel) without overlaying 
with cells , notably more GFP-expressing cells were observed when cells 
were overlaid with cells (right). These cells were recovered, 
suspended with 10 7 cells/ml of Opti-MEM medium (GIBCO) and 
f reeze-thawed for three times to prepare a cell lysate. Then, FHN 

25 co-expressing cells 2 days after induction were infected with the 
lysate at 10 6 cells/100 Ill/well/ and cultured 2 days in serum free 
MEM medium containing 40 Jig/ml AraC (Sigma) and 7.5 ^ig/ml trypsin 
(GIBCO) at 37°C in a 5% C0 2 incubator, and the virus titer of culture 
supernatant of PI cells were measured by CIU-GFP (Table 4) . As a 

30 result, no virus amplification effect was detected 4 hours after FHN 
induction, and notable amplification effects were detected 6 hours 
or more after induction due to cell overlaying. Especially, viruses 
released into PI cell culture supernatant were 10 times more after 

6 hours when cell overlaying was done compared to when cell overlaying 
35 was not done . 
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Table 4: Amplification of deficient . SeV by double deficient Af-HN 
cell overlay method 



GFP -CIU 




xl0 3 /ml 


FHNcell+ad/cre 


FHN cell- 


4h 


6h 8h 2d 3d 


8-10 


6-9 


80-100 70-100 60-100 20-50 



5 [Example 17] Confirmation of pseudotype Sendai virus's possession 
of F-deficient genome 

Western analysis of proteins of extracts of infected cells was 
carried out to confirm that the virus propagated by VSV-G gene 
expression described above is F-deficient type. As a result, 
10 proteins derived from Sendai virus were detected, whereas. F protein 
was not detected, confirming that the virus is F-deficient type 
(Figure 50) . 

[Example 18] Effect of anti-VSV antibody on infectiousness of 
15 pseudotype Sendai virus comprising F and HN gene-deficient genome 
To find out whether pseudotype Sendai virus comprising F and 
HN gene-deficient genome, which was obtained by using VSV-G 
expressing line, comprises VSV-G protein in its capsid, neutralizing 
activity of whether or not infectiousness is affected was examined 
20 using anti-VSV antibody. Virus solution and antibody were mixed and 
left to stand for 30 min at room temperature. Then, LLCG-L1 cells 
in which VSV-G expression has not been induced were infected with 
the mixture and gene-introducing capability on day 4 was analyzed 
by the existence of GFP-expressing cells. As a result, perfect 
25 inhibition of infectiousness was seen by anti-VSV antibody in the 
pseudotype Sendai virus comprising F and HN gene-deficient genome 
(VSV-G in the Figure) , whereas no inhibition was detected in Sendai 
virus comprising proper capsid (F, HN in the Figure) (Figure 51).. 
Thus, the virus obtained in the present example was proven to be 
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pseudotype Sendai virus comprising VSV-G protein as its capsid, and 
that its infectiousness can be specifically inhibited by the antibody. 

[Example 19] Purification of pseudotype Sendai viruses comprising 
5 F gene-deficient and F and HN gene-deficient genomes by density 
gradient ultracentrif ugation 

Using culture supernatant of virus infected ceils, sucrose 
density gradient centrif ugation was carried out, to fractionate and 
purify pseudotype Sendai virus comprising deficient genomes of F gene 

10 and F and HN genes. Virus solution was added onto a sucrose solution 
with a 20 to 60% gradient, then ultracentrif uged for 15 to 16 hours 
at 29000 rpm using SW41 rotor (Beckman) . After ultracentrif ugation , 
a hole was made at the bottom of the tube, then 300 HI fractions were 
collected using a fraction collector. For each fraction, Western 

15 analysis were carried out to test that the virus is a pseudotype Sendai 
virus comprising a genome deficient in F gene or F and HN genes, and 
VSV-G protein as capsid. Western analysis was accomplished by the 
method as described above. As a result, in F-deficient pseudotype 
Sendai virus, proteins derived from the Sendai virus, HN protein, 

20 and VSV-G protein were detected in the same fraction, whereas F protein 
was not detected, confirming that it is a F-deficient pseudotype 
Sendai virus. On the other hand, in F and HN-def icient pseudotype 
Sendai virus, proteins derived from Sendai virus, and VSV-G protein 
were detected in the same fraction, whereas F and HN protein was not 

25 detected, confirming that it is F and HN deficient pseudotype Sendai 
virus (Figure 52) . 

[Example 20] Overcoming of. haemagglutination by pseudotype Sendai 
virus comprising F gene-deficient and F and HN gene-deficient genomes 

30 LLC-MK2 cells were infected with either pseudotype Sendai virus 

comprising F gene-deficient or F and HN gene-deficient genome , or 
Seridai virus with normal capsid, and on day 3, 1% avian red blood 
cell suspension was added, and left to stand for 30 min at 4°C. 
Thereafter, cell surface of infected cells expressing GFP were 

35 observed. As a result, for virus with F gene-deficient genome and 
F-deficient pseudotype Sendai virus (SeV/AF, and pseudotype 
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SeV/AF (VSV-G) by VSV-G) , agglutination reaction was observed on the 
surface of infected cells, as well as for the Sendai virus with the 
original capsid. On the other hand, no agglutination reaction was 
observed on the surface of infected cells for pseudotype Sendai virus 
5 comprising F and HN gene-deficient genome (SeV/AF-HN (VSV-G) ) (Figure 
53). 

[Example 21] Infection specificity of VSV-G pseudotype Sendai virus 
comprising F gene-deficient genome to cultured cells 

10 Infection efficiency of VSV-G pseudotype Sendai virus 

comprising F gene-deficient genome to cultured cells was measured 
by the degree of GFP expression in surviving cells 3 days after 
infection using flow cytometry. LLC-MK2 cells showing almost the 
same infection efficiency in pseudotype Sendai virus comprising F 

15 gene-deficient genome and Sendai virus with original capsid were used 
as controls for comparison. As a result, no difference in infection 
efficiency was found in human ovary cancer HRA cells , whereas in Jurkat 
cells of T cell lineage about 2-fold increase in infection efficiency 
of VSV-G pseudotype Sendai virus comprising F gene-deficient genome 

20 was observed compared to controls (Figure 54) . 

[Example 22] Construction of F-deficient type Sendai virus vector 
comprising NGF 

<Reconstitution of NGF/SeV/ Af> 
25 Reconstitution of NGF/SeV/AF was accomplished according to the 

above described "Envelope plasmid + F expressing cells overlaying 
method". Measurement of titer was accomplished by a. method using 
anti-SeV polyclonal antibody. 

<Conf irmation of virus genome of NGF/SeV/AF (RT-PCR) > 
30 To confirm NGF/SeV/AF virus genome (Figure 55, upper panel), 

culture supernatant recovered from LLC-MK2/F7 cells were centrifuged, 
and RNA was extracted using QIAamp Viral RNA mini kit (QIAGEN) 
according to the manufacturer's protocol. Using the RNA template, 
synthesis and PCR of RT-PCR was carried out using SUPERSCRIPT™ 
35 ONE-STEP™ RT-PCR SYSTEM (GIBCO BRL) . As control groups, additional 
type SeV cDNA (pSeV18 + b( + ) ) (Hasan, M. K. et al . , J. General Virology 
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78: 2813-2820, 1997) was used. NGF-N and NGF-C were used as PCR 
primers. For NGF-N, forward: 

ACTTGCGGCCGCCAAAGTTCAGTAATGTCCATGTTGTTCTACACTCTG (SEQ ID NO: 33). , 
and for NGF-C , reverse: 

ATCCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGTCAGCCTCTTCTTGTAGC 
CTTCCTGC (SEQ ID NO: 34) were used. As a result, when NGF-N and NGF-C 
were used as primers , an NGF specific, band was detected for NGF/ SeV/AF 
in the RT conditions. No band was detected for the control group 
(Figure 55, bottom panel) 



[Example 23] NGF protein quantification and measurement of in vitro 
activity expressed after infection of F-def icient type SeV comprising 
NGF gene 

Infection and NGF protein expression was accomplished using 

15 LLC-MK2/F or LLC-MK2 cells grown until almost confluent on culture 
plates of diameter of 10 cm or 6 cm. NGF/ SeV/ Af and NGF/SeV/AF— GFP 
were infected to LLC-MK2/F cells, and NGF/SeV and GFP'/SeV were 
infected to LLC-MK2 cells at m.o.i 0.01, and cultured 3 days with 
MEM medium without serum, containing 7.5 M-g/ml trypsin (GIBCO) . 

20 After the 3 day culture, in which almost 100% of cells are infected, 
medium was changed to MEM medium without trypsin and serum and further 
cultured for 3 days. Then, each culture supernatant were recovered 
and centrifuged at 48,000x g for 60 min . Then, quantification of NGF 
protein and measurement of in vitro activity for the supernatant were 

25 carried out. Although in the present examples, F-def icient type SeV 
(NGF/SeV/AF, NGF/SeV/AF-GFP) (see Figure 55) are infected to 
LLC-MK2/F cells , if infected with a high m.o.i. (e.g. 1 or 3), namely, 
infected to cells that are nearly 100% confluent from the beginning, 
experiment giving similar results can be performed using F 

30 non-expressing cells. 

For NGF protein quantification, ELISA kit NGF Emax Immuno Assay 
System (Promega) and the accompanying protocol were used . 32.4 fig/ml, 
37 . 4 jug/ml , and 10.5 M-g/ml of NGF protein were detected in NGF/SeV/AF , 
NGF/SeV/AF-GFP, and NGF/SeV infected cell culture supernatant, 

35 respectively. In the culture supernatant of NGF/SeV/AF and 
NGF/SeV/AF-GFP infected cells, high concentration of NGF protein 
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exists, similar to culture supernatant of NGF/SeV infected cells, 
confirming that F-deficient type SeV expresses enough NGF. 

The measurement of in vitro activity of NGF protein was 
accomplished by using a dissociated culture of primary chicken dorsal 
5. root ganglion (DRG; a sensory neuron of chicken) using survival 
activity as an index (Nerve Growth . Factors (Wiley, New York), 
pp. 95-109 (1989)). Dorsal root ganglion was removed from day 10 
chicken embryo, and dispersed after 0.25% trypsin (GIBCO) treatment 
at 37 °C for 20 min . Using high-glucose D-MEM medium containing 100 

10 units/ml penicillin (GIBCO) , 100 units/ml streptomycin (GIBCO) , 250 
ng/ml amphotericin B. (GIBCO) 20 JIM 2-deoxyuridine (Nakarai) , 20 |1M 
5-f luorodeoxyuridine (Nakarai), 2 mM L-glutamine (Sigma), and 5% 
serum, cells were seeded onto 96-well plate at about 5000 cells/well. 
Polylysin precoated 96-well plates (Iwaki) were further coated with 

15 laminin (Sigma) before use. At the start point, control NGF protein 
or previously prepared culture supernatant after SeV infection was 
added. After 3 days, cells were observed under a microscope as well 
as conducting quantification of surviving cells by adding Alamer blue 
(CosmoBio) and using the reduction activity by mitochondria as an 

20 index (measuring 590 nm fluorescence, with 530 nm excitation) . 
Equivalent fluorescence signals were obtained in control (without 
NGF addition) and where 1/1000 diluted culture supernatant of cells 
infected with SeV/additional-type-GFP (GFP/SeV) was added, whereas 
the addition of 1/1000 diluted culture supernatant of cells infected 

25 with NGF/SeV/AF, NGF/SeV/AF-GFP , and NGF/ SeV caused a notable 
increase in fluorescence intensity, and was judged as comprising a 
high number of surviving cells and survival activity (Figure 56) . 
The value of effect was comparable to the addition of amount of NGF 
protein calculated from ELISA. Observation under a microscope proved 

30 a similar effect. Namely, by adding culture supernatant of cells 
infected with NGF/SeV/AF , NGF /SeV/ Af-GFP , and NGF/ SeV, increase in 
surviving cells and notable neurite elongation was observed (Figure 
57) . Thus, it was confirmed that NGF expressed after infection of 
NGF-comprising F-deficient type SeV is active form. 

[Example 24] Detailed analysis of F-expressing cells 
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1. moi and induction time course of Adeno-Cre 

By using different moi of Adeno-Cre, LLC-MK2/F cells were 
infected and after induction of F protein, the amount of protein 
expression and the change in cell shape were analyzed. 
5 Expression level was slightly higher in moi=10 compared with 

moi=l (Figure 58) . When expression amounts were analyzed at time 
points of 6 h, 12 h, 24 h, and 48 h after induction, high expression 
level of F protein at 48 h after induction was detected in all cases. 

In addition, changes in cell shape were monitored in a time 
10 course as cells were infected with moi=l , 3, 10, 30, and 100 . Although 
a notable difference was found up to moi=10, cytotoxicity was observed 
for moi=30 or over (Figure 59) . 

2. Passage number 

After induction of F protein to LLC-MK2/F cells using Adeno-Cre, 

15 cells were passaged 7 times and expression level of F protein and 
the morphology of the cells were analyzed using microscopic 
observation. On the other hand, laser microscopy was used for 
analysis of intracellular localization of F protein after induction 
of F protein in cells passaged until the 20 th generation. 

20 For laser microscopic observation, LLC-MK2/F cells induced with 

F protein expression were put into the chamber glass and after 
overnight culture, media were removed and washed once with PBS, then 
•fixed with 3 . 7% Formalin-PBS for 5 min . Then after washing cells once 
with PBS, cells were treated with 0.1% Triton X100-PBS for 5 min, 

25 and treated with anti-F protein monoclonal antibody (Y-236) (1/100 
dilution) and FITC labeled goat anti-rabbit IgG antibody (1/200 
dilution) in this order, and finally washed with PBS and observed 
with a laser microscope. 

As a result, no difference was found in F protein expression 

30 levels in cells passaged up to 7 times (Figure 60) . No notable 
difference was observed in morphological change, infectiousness of 
SeV, and productivity. On the other hand, when cells passaged up to 
20 times were analyzed for intracellular localization of F protein 
using the immuno-antibody method, no big difference was found up to 

35 15 passages, but localization tendency of F protein was observed in 
cells passaged more than 15 times (Figure 61) . 
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Taken together, cells before 15 passages are considered 
desirable for the production of F-deficient SeV. 

[Example 25] Correlation between GFP-CIU and anti-SeV-CIU 
5 Correlation of the results of measuring Cell-Infected Unit 

(CIU) by two methods was analyzed. LLC-MK2 cells were seeded onto 
a 12-well plate at 2x 10 5 cells/dish , and after a 24 hour culture, 
cells were washed once with MEM medium without serum, and infected 
with 100 |ll/well SeV/AF-GFP. After 15 min, 1 ml/well serum-free MEM 

10 medium was added and further cultured for 24 hours . After the culture , 
cells were washed three times with PBS (-) and dried up (left to stand 
for approximately 10 to 15 min at room temperature) and 1 ml/well 
acetone was added to fix cells and was immediately removed. Cells 
were dried up again (left to stand for approximately 10 to 15 min 

15 at room temperature). Then, 300 |il/well of anti-SeV polyclonal 
antibody (DN-1) prepared from rabbits and diluted 1/100 with PBS (-) 
was added to cells and incubated at 37°C for 45 min and washed three 
times with PBS (-) . Then, to the cells, 300 |Lll/well of anti-rabbit 
IgG (H+D) fluorescence-labeled second antibody (Alex™ 568, Molecular 

20 Probes) . diluted 1/200 with PBS (-) was added, and incubated at 37°C 
for 4 5 min and washed three times with PBS (-) . Then, cells with 
fluorescence were observed under fluorescence microscopy (Emission: 
560 nm, Absorption: 645 nm, Filters: Leica) . 

As a control, cells were infected with 100 |Il/well of SeV/AF-GFP 

25 and after 15 min, 1 ml/well of MEM without serum was added. After 
a further 24 hour culture, GFP-expressing cells were observed under 
fluorescence microscopy (Emission:- 360 nm, Absorption: 470 nm, 
Filters: Leica) without further manipulations. 

A Good correlation was obtained by evaluating the fluorescence 

30 intensity by quantification (Figure 62) . 

[Example 26] Construction of multicloning site . 

Amulticloning site was added to the SeV vector . The two methods 
used are listed below. 
35 1. Several restriction sites in full-length genomic cDNA of Sendai. 

virus (SeV) and genomic cDNA of pSeV18 + were disrupted, and another 
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restriction site comprising the restriction site disrupted was 
introduced in between start signal and ATG translation initiation 
signal of each gene. 

2. Into already constructed SeV vector cDNA , multicloning site 
5 sequence and transcription initiation signal - intervening sequence- 
termination signal were added and incorporated into NotI site. 

In the case of method 1, as an introducing method , Eagl-digested 
fragment (2644 bp) , Clal-digested fragment (3246 bp) , 
Clal/EcoRI-digested fragment (5146 bp) , and EcoRI-digested fragment 

10 (5010 bp) of pSeV18 + were separated by agarose electrophoreses and 
the corresponding bands were cut out, then it was recovered and 
purified by QIAEXII Gel Extraction System (QIAGEN) . Eagl-digested 
fragment was ligated and subcloned into LITMUS3 8 (NEW ENGLAND BIOLABS ) 
and Clal-digested fragment, Clal/EcoRI-digested fragment, and 

15 EcoRI-digested fragment were ligated and subcloned into pBluescriptll 
KS+ (STRATAGENE) . Quickchange Site-Directed Mutagenesis kit 
(STRATAGENE) was used for successive disruption and introduction of 
restriction sites. 

For disruption of restriction sites, Sal I: (sense strand) 

20 5 ' -ggagaagtctcaacaccgtccacccaagataatcgatcag-3 ' (SEQ ID NO: 35), 
(antisense strand) 5' -ctgatcgattatcttgggtggacggtgttgagacttctcc-3 ' 
(SEQ ID NO: 36), Nhe I: . (sense strand) 

5' -gtatatgtgttcagttgagcttgctgtcggtctaaggc-3' (SEQ ID NO: 37), 
(antisense strand) 5' -gccttagaccgacagcaagctcaactgaacacatatac-3' 

25 (SEQ ID NO: 38), Xho I: (sense strand) 

5' -caatgaactctctagagaggctggagtcactaaagagttacctgg-3' (SEQ ID NO: 39) , 
(antisense strand) 
5' -ccaggtaactctttagtgactccagcctctctagagagttcattg-3' (SEQ ID NO: 40) , 
and for introducing restriction sites, NP-P : (sense strand) 

30 5' -gtgaaagttcatccaccgatcggctcactcgaggccacacccaaccccaccg-3' (SEQ ID 
NO: 41) , (antisense strand) 

5' -cggtggggttgggtgtggcctcgagtgagccgatcggtggatgaactttcac-3' (SEQ ID 
NO: 42) , P-M: (sense strand) 

5 ' -cttagggtgaaagaaatttcagctagcacggcgcaatggcagatatc-3 ' (SEQ ID NO : 

35 43) , (antisense strand) 

5' -gatatctgccattgcgccgtgctagctgaaatttctttcaccctaag-3' (SEQ ID NO : 
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44) , M-F : (sense strand) 

5' -cttagggataaagtcccttgtgcgcgcttggttgcaaaactctcccc-3' (SEQ ID 
NO:45), (antisense strand) 

5' -ggggagagttttgcaaccaagcgcgcacaagggactttatccctaag-3' (SEQ ID NO: 
5 46), F-HN: (sense strand) 

5' -ggtcgcgcggtactttagtcgacacctcaaacaagcacagatcatgg-3' (SEQ ID 
NO: 47), (antisense strand) 

5' -ccatgatctgtgcttgtttgaggtgtcgactaaagtaccgcgcgacc-3' (SEQ ID 
NO:48) , HN-L: (sense strand) 

10 5' -cccagggtgaatgggaagggccggccaggtcatggatgggcaggagtcc-3 , (SEQ ID 
NO: 49) , (antisense strand) 

5' -ggactcctgcccatccatgacctggccggcccttcccattcaccctggg-3' (SEQ ID 
NO: 50) , were synthesized and used for the reaction. After 
introduction, each fragment was recovered and purified similarly as 

15 described above, and cDNA were assembled. 

In the case of method 2, (sense strand) 

5' -ggccgcttaattaacggtttaaacgcgcgccaacagtgttgataagaaaaacttagggtga 
aagttcatcac-3' (SEQ ID NO: 51), (antisense strand) 

5' -ggccgtgatgaactttcaccctaagtttttcttatcaacactgttggcgcgcgtttaaacc 

20 gttaattaagc-3' (SEQ ID NO: 52), were synthesized, and after 
phosphorylation, annealed by 85 °C 2 min, 65°C15 min, 37 °C 15 min, 
and room temperature 15 min to incorporate into SeV cDNA. 
Alternatively, multicloning sites of pUC18 or pBluescriptll , or the 
like , are subcloned by PCR using primers comprising termination signal 

25 - intervening sequence - initiation signal and then incorporate the 
resultant into SeV cDNA. The virus reconstitution by resultant cDNA 
can be performed as described above. 

[Example 27] Effects of culture temperature (32 °C) on viral 

30 reconstitution 

To quantify the expression level of the gene comprised in virus, 
three types of SeV cDNAs as shown in Fig. 63 were used. To construct 
cDNA comprising a secretory alkaline phosphatase (SEAP) gene, a SEAP 
fragment (1638 bp) having the termination signal-intervening 

35 sequence-initiation signal downstream of the SEAP gene was excised 
using NotI, electrophoresed , purified, recovered, and incorporated 
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to the NotI site of pSeV18+/AF-GFP to obtain pSeV18+SEAP/AF-GFP (Fig. 
63) . 

Viral reconstitution was carried out in a similar manner as 
described above. In this case, since the virus is deficient in F gene, 
5 helper cells to supply F protein are used, and the helper cells are 
prepared using the Cre/loxP expression inducing system. The : system 
utilizes the plasmid pCALNdLw (Aral, T. et al . , J. Virol. 72: 1115-1121 
(1998) ) designed so as to induce the expression of gene product with 
Cre DNA recombinase , in which a transf ormant of the plasmid is infected 

10 with a Cre DNA recombinase-expressing recombinant adenovirus 
(AxCANCre) by the method of Saito, et al . (Saito, I. et al . , Nucl . 
Acid. Res. 23, 3816-3821 (1995); Aral, T. et al., J. Virol. 72, 
1115-1121 (1998)) to express inserted genes. In the case of SeV-F 
protein, the transf ormant cells containing the F gene are referred 

15 to as LLC-MK2/F7 , and cells continuously expressing F protein after 
the induction with AxCANCre are referred to as LLC-MK2/F7/A . 

Specifically, the viral reconstitution was carried out as 
follows. LLC-MK2 cells were plated on 100-mm diameter Petri dishes 
at 5x 10 6 cells/dish, cultured for 24 h, and then infected with a 

20 recombinant vaccinia virus expressing T7 polymerase, which had been 
treated with the long-wavelength ultraviolet light (3 65 nm) for 20 
min in the presence of psoralen (PLWUV-VacT7 : Fuerst, T. R. et al . , 
Proc. Natl. Acad. Sci. USA 83, 8122-8126 (1986)) at room temperature 
for 1 h (m.o.i.=2) . A plasmid encoding SeV cDNA (Fig. 63) , pGEM/NP, 

25 pGEM/P, pGEM/L, and pGEM/F-HN (Kato, A. et al . , Genes Cells 1, 569-579 
(1996)) were suspended in Opti-MEM (Gibco-BRL, Rockville, MD) at 
weight ratios of 12 pg, 4 [lg , 2 Mg, 4 jag and 4 fig/ dish, respectively. 
To the suspension, 1 Mg DNA/ 5 |il equivalent SuperFect transf ection 
reagent (Qiagen, Bothell, WA) were added and mixed. The mixture was 

3 0 allowed to stand at room temperature for 15 min and finally added 
to 3 ml of Opti-MEM containing 3% FBS . After the cells were washed 
with a serum-free MEM, the mixture was added to the cells and the 
cells were cultured. After cultured for 5 h, the cells were washed 
twice with a serum-free MEM, and then cultured in MEM containing 40 

35 Mg/ml of cytosine P-D-arabinof uranoside (AraC: Sigma, St. Louis, MO) 
and 7.5 ^lg/ml of trypsin (Gibco-BRL, Rockville, MD) . After cultured 
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for 24 h, cells continuously expressing F protein (LLC-MK2/F7/ A) were 
layered at 8 . 5x 10 6 cells/dish , and cultured in MEM containing 40 \Xg/ml 
of AraC and 7.5 |Llg/ml of trypsin for further 2 days at 37°C (P0) . 
These cells were recovered, and the pellet was suspended in 2 ml/dish 
5 of Opti-MEM. After three repeated cycles of freezing and thawing, 
the lysate thus obtained was transfected as a whole to LLC-MK2/F7/A 
cells, and the cells were cultured using a serum-free MEM containing 
40 llg/ml of AraC and 7.5 |Xg/ml of trypsin at 32 °C (PI) . Five to seven 
days later, an aliquot of the culture supernatant was sampled and 

10 infected to freshly prepared LLC-MK2/F7/A cells, and the cells were 
cultured using the serum-free MEM containing 40 Hq/ml of AraC and 
7.5 |ig/ml of trypsin at 32°C (P2) . Three to five days later, the 
supernatant was infected again to freshly prepared LLC— MK2 / F7 / A cells , 
and the cells were cultured using a serum-free MEM containing only 

15 7.5 |Llg/ml of trypsin at 32 °C for 3 to 5 days (P3) . To the culture 
supernatant thus recovered, BSA was added to make a final 
concentration of 1%, and the resulting mixture was stored at -80 °C. 
The stored virus solution was thawed and used in subsequent 
experiments . 

20 Titers of virus solutions prepared by this method were 3x 10 8 

and 1.8x 10 8 GFP-CIU/ml for SeV18 + /AF-GFP and SeV18+SEAP/AF-GFP , 
respectively. In the measurement of these titers , with SeVl 8 + /AF-GFP , 
the spread of plaque after its infection to F protein continuously 
expressing cells (LLC-MK2/F7/A) was examined at 32 °C and 37 °C. As 

25 shown in Fig. 64, representing the micrograph 6 days after the 
infection, it was demonstrated that the spread of plaques 
significantly increased with cells cultured at 32 °C as compared with 
those cultured at 37 °C. Thus, it has become evident that the 
reconstitution efficiency is enhanced by performing the SeV 

30 reconstitution at 32 °C after the stage PI, so that it is highly 
possible to enable the recovery of virus which has been hitherto 
difficult to obtain. 

Two points are considered as the reason for the enhancement of 
reconstitution efficiency at 32°C. One point is that cytotoxicity 

35 due to AraC supplemented to inhibit the amplification of vaccinia 
virus is thought to be suppressed in culturing at 32 °C as compared 
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with 37 °C. Under the virus reconstituting conditions, when 
LLC-MK2/F7/A cells were cultured in a serum-free MEM containing 40 
Jlg/ml of AraC and 7.5 fig/ml of trypsin, at 37°C, cell damages were 
caused already 3 to 4 days later with increased detached cells, while, 
5 at 32°C, the culture could be sufficiently continued for 7 to 10 days 
with the cells kept intact. In the case of reconstitution of SeV with 
an inferior transcription/replication efficiency or with a. poor 
efficiency for infectious virion formation, the culture duration time 
is thought to be directly reflected in the achievement of 

10 reconstitution. A second point is that the expression of F protein 
is maintained in LLC-MK2/F7/A cells when the cells are cultured at 
32 °C. After LLC-MK2/F7/A cells which continuously express F protein 
were cultured at 37 °C to confluency on 6-well culture plates in MEM 
containing 10% FBS , the medium was replaced with a serum free MEM 

15 containing 7.5 Jig/ml of trypsin , and , the cells were further cultured 
at 32 °C or 37 °C. The cells were recovered over time using a cell 
scraper, and semi-quantitatively analyzed for F protein inside the 
cells by Western-blotting using an anti-F protein antibody (mouse 
monoclonal) . F protein expression was maintained for 2 days at 37 °C, 

20 decreasing thereafter, while its expression was maintained at least 
for 8 days at 32 °C (Fig. 65) . From these results, the validity of 
viral reconstitution at 32°C (after PI stage) has been also confirmed. 

The above-described Western-blotting was carried out using the 
following method. Cells recovered from one well of a 6-well plate 

25 were stored at -80°C, then thawed in 100 Hi of 1 x diluted sample 
buffer for SDS-PAGE (Red Loading Buffer Pack; New England Biolabs, 
Beverly, MA) , and heated at 98°C for 10 min. After centrif ugation , 
a 10-^1 aliquot of the supernatant was loaded on SDS-PAGE gel (multigel 
10/20; Daiichi Pure Chemicals Co., Ltd., Tokyo, Japan). After 

30 electrophoresis at 15 rtiA for 2.5 h, proteins were transferred to a 
PVDF membrane ( Immobilon PVDF transfer membrane ; Millipore, Bedford, 
MA) by semi-dry method at 100 mA for 1 h. The transfer membrane was 
immersed in a blocking solution (Block Ace; Snow Brand Milk Products 
Co., Ltd., Sapporo, Japan) at 4°C for 1 h or more, then soaked in 

35 a primary antibody solution containing 10% Block. Ace supplemented 
with 1/1000 volume of the anti-F protein antibody, and allowed to 



stand at 4°C overnight. After washed three times with TBS containing 
0.05% Tween 20 (TBST) , and further three times with TBS, the membrane 
was immersed in a secondary antibody solution containing 10% Block 
Ace and supplemented with 1/5000 volume of the anti-mouse IgG+IgM 
5 antibody bound with HRP (Goat F (ab' ) 2 Anti-Mouse IgG + IgM, HRP ; 
BioSource Int., Camarillo, CA) , and stirred at room temperature for 
1 h. After the membrane was washed three times with TBST and then 
three times with TBS , the proteins on the membrane were detected by 
chemiluminescence method (ECL western blotting detection reagents; 
10 Amersham Pharmacia biotech, Uppsala, Sweden) . 

[Example 28] Quantification of secondarily released virus-like 
particles from SeV deficient in F gene (HA assay, Western-Blotting) 
Together with SeVl 8+/AF-GFP , using the autonomously 

15 replicating type SeV comprising all the viral proteins and comprising 
GFP fragment (780 bp) having the termination signal-intervening 
sequence-initiation signal downstream of the GFP gene at the NotI 
site (SeV18+GFP: Fig. 63) , levels of secondarily released virus-like 
particles were compared. 

20 To LLC-MK2 cells grown to confluency on 6-well plates, 3x 10 7 

ClU/ml each of virus solutions at 100 M-l per well were added (m.o . i .=3) , 
and the cells were allowed to be infected for 1 h. After the cells 
were washed with MEM-, a. serum-free MEM (1 ml) was added to each well, 
and. the. cells were . cultured at 32°C, 37°C and 38°C, respectively. 

25 Sampling was carried out every day, and immediately after the sampling, 
. 1 ml of the fresh serum-free MEM was added to the remaining cells. 
Culturing and sampling were performed over time. Observation of GFP 
expression 3 days after the infection under a fluorescence microscope 
indicated almost the equal level of infection and similar expression 

30 of GFP with both types of viruses and under all the conditions at 
32°C, 37°C and 38°C (Fig. 66). 

Secondarily released virus-like particles were quantified by 
the hemagglutination activity (HA activity) assay performed according 
to the method of Kato et al . (Kato, A. , et al . , Genes Cell 1, 569-579 

35 (1996)). That is, using plates with round-bottomed 96 wells, the 
virus solution was serially diluted with PBS to make a serial 2-fold 
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dilutions, in 50 \il for each well. To 50 \ll of the virus solution were 
added 50 jLXl of a preserved chicken blood (Cosmobio, Tokyo, Japan) 
diluted to 1% with PBS, and the mixture was allowed to stand at 4°C 
for 1 h. Then, agglutination of erythrocytes was examined. Among 
5 agglutinated samples, the highest dilution rate to achieve 
hemagglutination was judged as the HA activity. In addition, one 
hemagglutination unit (HAU) was calculated as lx 10 6 viruses, and the 
hemagglutination activity was also expressed by the number of 
virus-like particles (Fig. 67). Although, at lower temperatures, 

10 secondarily released virus-like particles were observed with 
SeV18 + /AF-GFP , a remarkable decrease in . the level of virus-like 
particle release was detected at 38°C as compared with the 
autonomously replicating SeV (SeV18+GFP). 

To quantify the secondarily released virus-like particles from 

15 another point of view, the quantification thereof by Western-Blotting 
was performed. In a similar manner as described above, LLC-MK2 cells 
were infected at m.o.i.=3 with the virus, warmed at 37°C, and the 
culture supernatant and cells were recovered 2 days after the 
infection. The culture supernatant was centrifuged at 48,000 g for 

20 45 min to recover the viral proteins. After SDS-PAGE, 

Western-Blotting was performed to detect proteins with an anti-M 
protein antibody. This anti-M protein antibody is a newly prepared 
polyclonal antibody, which has been prepared from the serum of rabbits 
immunized with a mixture of three synthetic peptides: corresponding 

25 to amino acids 1-13 (MADI YRFPKFSYE+Cys/SEQ ID NO: 53) , 23-35 
(LRTGPDKKAIPH+Cys/SEQ ID NO: 54), and 336-348 (Cys+NVVAKNIGRIRKL/ SEQ 
ID NO: 55) of SeV-M protein. Western-Blotting was performed 
according to the method as described in Example 27, in which the 
primary antibody, anti-M protein antibody, was used at a 1/4000 

30 (1:4000) dilution, and the secondary antibody, anti-rabbit IgG 
antibody bound with HRP (Anti-rabbit IgG (Goat) H+L conj . ; ICN P., 
Aurola, OH) was used at a 1/5000 (1:5000) dilution. With the 
autonomously replicating SeV (SeV18+GFP) , a large amount of M protein 
was detected in the culture supernatant . With SeV18 + /AF-GFP , however , 

35 a main portion (70%) of M protein was present in the cells, supporting 
that, with the F gene-deficient SeV, the release of virus-like 
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particles is reduced at 37 °C as compared with the autonomously 
replicating SeV (Fig. 68) . 

[Example 29] Construction of genomic cDNA. of M gene deficient SeV 
5 having EGFP gene 

In this construction, a full-length genomic cDNA of the 
M-def icient SeV deficient in M gene (pSeV18.+ /AM : WO00/09700) was used. 
The construction scheme was shown in Fig. 69. BstEII fragment (2098 
bp) comprising the M-deficient site of pSeV18+/AM was subcloned to 

10 the BstEII site of pSE280 (Invitrogen, Groningen, Netherlands) , in 
which EcoRV recognition site had been deleted by the previous 
digestion with Sall/Xhol followed by ligation (construction of 
pSE-BstEIIf rg) . pEGFP having the GFP gene (TOYOBO, Osaka, Japan) was 
digested with Acc65I and EcoRI , and the 5' -end of the digest was 

15 blunted by filling in using the DNA blunting Kit (Takara, Kyoto, Japan) . 
• The blunted fragment was subcloned into pSE-BstEI I f rg that, after 
digested with EcoRV, had been treated with BAP (TOYOBO, Osaka, Japan) . 
This BstEII fragment containing the EGFP gene was returned to the 
original pSeV18+/AM to construct the M gene-deficient SeV genomic 

20 cDNA (pSeV18+/AM-GFP) comprising the EGFP gene at the M-def icient 
site. 

[Example 30] Construction of SeV genomic cDNA deficient in M and F 
genes 

25 The construction scheme described below is shown in Fig. 70. 

Using the pBlueNaelf rg-AFGFP , which had been constructed by 
subcloning an Nael fragment (4922 bp) of the F-def icient Sendai virus 
full-length genome cDNA . comprising the EGFP gene at the F 
gene-deficient site (pSeV18 + /AF-GFP) to the EcoRV site of pBluescript 

30 II (Stratagene, La Jolla, CA) , the deletion of M gene was carried 
out. Deletion was designed so as to excise the M gene using the ApaLI 
site right behind the gene. That is, the ApaLI recognition site was 
inserted right behind the P gene so that the fragment to be excised 
becomes 6n (6 nucleotides long) . Mutagenesis was performed using the 

35 QuickChange™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, 
CA) according to the method described in the kit.. Sequences of 
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synthetic oligonucleotides used for the mutagenesis are 
5' -agagtcactgaccaactagatcgtgcacgaggcatcctaccatcctca-3 ' / SEQ ID NO: 
56 and 5 ' -tgaggatggtaggatgcctcgtgcacgatctagttggtcagtgactct-3 ' /SEQ 
ID NO: 57. After the mutagenesis, the resulting mutant cDNA was 
5 partially digested with. ApaLI (at 37 °C for 5 min) , recovered using 
the QIAquick PCR Purification Kit (QIAGEN, Bothell, WA) , and then 
ligated as it was. The DNA was recovered again using the QIAquick 
PCR Purification Kit, digested with BsmI and StuI , and used to 
transform DH5C6 to prepare the M gene-deficient (and F gene-deficient) 

10 DNA (pBlueNaelf rg-AMAFGFP) . 

pBlueNaelf rg-AMAFGFP deficient in the M gene (and the F gene) 
was digested with Sail and ApaLI to recover a fragment (1480 bp) 
containing the M gene-deficient site. On the other hand, 
pSeV18+/AF-GFP was digested with ApaLI/Nhel to recover a fragment 

15 (6287 bp) containing the HN gene, and these two fragments were 
subcloned into the Sall/Nhel site of Litmus 38 (New England Biolabs , 
Beverly, MA) (construction of LitmusSall/Nhelf rg-AMAFGFP) . A 
fragment (7767 bp) recovered by digesting LitmusSall/Nhelf rg-AMAFGFP 
with Sall/Nhel and another fragment (8294 bp) obtained by digesting 

20 pSeV18+/AF-GFP with Sall/Nhel that did . not comprise genes such as 
the M and HN genes were ligated to construct an M- and F-deficient 
Sendai virus full-length genome cDNA having the EGFP gene at the 
deficient site (pSeV18 + /AMAF-GFP) . Structures of the M-deficient 
(and M— and F-deficient) viruses thus constructed were shown in Fig. 

25 71. 

[Example 31] Preparation of helper cells expressing SeV-F and SeV-M 
proteins 

To prepare helper cells expressing M protein (and F protein) , 
30 the same Cre/loxP expression induction system as that employed for 
the preparation of helper cells (LLC-MK2/F7 cells) for F protein was 
used. 

<1> Construction of M gene expressing plasmid 

To prepare helper cells which induce the simultaneous 
35 expression of F and M proteins, the above-described LLC-MK2/F7 cells 
were used to transfer M gene to these cells by the above-mentioned 
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system. However, since pCALNdLw/F which was used for the transfer 
of F gene had the neomycin resistance gene, it was essential to 
transfer a different drug resistance gene for the use of the cells. 
Therefore, first, according to the scheme described in Fig. 72, the 
5 neomycin resistance gene of the M gene-comprising plasmid. 
(pCALNdLw/M: M gene was inserted at the Swal site of pCALNdLw) was 
replaced with the hygromycin resistance gene. That is, after 
pCALNdLw/M was digested with Hindi and EcoT22I , a fragment containing 
M gene (4737 bp) was isolated by electrophoresis on agarose, and the 

10 corresponding band was excised and recovered using the QIAEXII Gel 
Extraction System. At the same time, the pCALNdLw/M was digested with 
Xhol to recover a fragment (5941 bp) containing no neomycin resistance 
gene, and then further digested with Hindi to recover a fragment 
(1779 bp) . Hygromycin resistance gene was prepared by performing PCR 

15 with pcDNA3 . lhygro (+) (Invitrogen, Groningen, Netherlands) as the 
template using a pair of primers: hygro-5' 

( 5 ' -tctcgagtcgctcggtacgatgaaaaagcctgaactcaccgcgacgtctgtcgag-3 ' / 
SEQ ID NO: 58) and hygro-3' 

( 5 ' -aatgcatgatcagtaaattacaatgaacatcgaaccccagagtcccgcctattcctttgc 

20 cctcggacgagtgctggggcgtc-3' ) /SEQ ID NO: 59), and recovering the PCR 
product using the QIAquick PCR Purification Kit, then digesting the 
product with Xhol and EcoT22I. pCALNdLw-hygroM was constructed by 
ligating these three fragments. 

<2> Cloning of helper cells which induce the expression of SeV-M (and 

25 SeV-F) protein (s) 

Transfection was performed using the Superfect Transfection 
Reagent by the method described in the protocol of the Reagent as 
follows . LLC-MK2/F7 cells were plated on 60 mm diameter Petri dishes 
at 5x 10 5 cells/dish, and cultured in D-MEM containing 10% FBS for 

30 24 h. pCALNdLw-hygroM (5 pg) was diluted in D-MEM containing no FBS 
and antibiotics (150 Jil in total) and stirred. To the mixture, the 
Superfect Transfection Reagent (30 MD was added. The mixture was 
stirred again, and allowed to stand at room temperature for 10 min . 
Then, to the resulting mixture was added D-MEM containing 10% FBS 

35 (1 ml) . The transfection mixture thus prepared was stirred, and added 
to LLC-MK2/F7 cells which had been once washed with PBS. After a 3 
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h culture in an incubator at 37 °C in 5% C0 2 atmosphere , the transf ection 
mixture was removed/ and the cells were washed three times with PBS. 
To the cells, D-MEM containing 10% FBS (5 ml) was added, and then, 
the cells were cultured for 24 h. After cultured, the cells were 
5 detached using trypsin, plated on a 96-well plate at about 5 cells/well 
dilution, and cultured in D-MEM containing 10% FBS supplemented with 
150 M-g/ml hygromycin (Gibco-BRL, Rockville, MD) for about 2 weeks. 
A clone which had propagated from a single cell was cultured to expand 
to a 6-well plate culture. One hundred and thirty clones in total 

10 thus prepared were analyzed in the following. 

<3> Analysis of helper cell clones which induce the expression of 
SeV-M (and SeV-F) protein (s) 

One hundred and thirty clones thus obtained were 
semi-quantitatively analyzed for expression levels of M protein by 

15 Western-blotting. Each clone was plated on 6-well plates, and, at 
its nearly confluent state, infected at m.o.i.=5 with a recombinant 
adenovirus expressing Cre DNA recombinase (AxCANCre) diluted in MEM 
containing 5% FBS according to the method of Saito et al. (Saito, 
I. et al., Nucl. Acid. Res. 23, 3816-3821 (1995); Arai, T. et al . , 

20 J. Virol. 72, 1115-1121 (1998) ) . After the culture at 32 °C for 2 days, 
the culture supernatant was removed. The cells were washed once with 
PBS, and detached using a scraper for recovery. After performing 
SDS-PAGE by applying 1/10 amount of the cells thus recovered per lane, 
Western-Blotting was carried out using the anti-M protein antibody 

25 according to the method described in Examples 27 and 28. Among 130 
clones, those which showed relatively high expression levels of M 
protein were also analyzed using the anti-F protein antibody (f236: 
Segawa, H. et al . , J. Biochem. 123, 1064-1072 (1998)) by. 
Western-blotting. Both results are described in Fig. 73. 

30 

[Example 32] Reconstitution of SeV virus deficient in M gene 

Reconstitution of SeV deficient in the M gene (SeV18+/AM-GFP) 
was carried out in conjunction with assessment of clones described 
in Example 31. That is, it was examined whether the expansion of GFP 
35 protein was observed (whether the supply of M protein from cells was 
achieved) by the addition of P0 lysate of SeV18 + /AM-GFP to each clone. 
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Preparation of P0 lysate was carried out according to the method 
described in Example 27 as follows. LLC-MK2 cells were plated on 
100-mm diameter Petri dishes at 5x 10 6 cells/dish, cultured for 24 
h, and then infected at m.o.i.=2 with PLWUV-VacT7 at room temperature 
5 for 1 h. Plasmids: pSeV18+/AM-GFP , pGEM/NP, pGEM/P, pGEM/L, 
pGEM/F-HN and pGEM/M were suspended in Opti-MEM at weight ratios of 
12 |Lig , 4 Jig, 2 |Ag, 4 |Ag, 4 |ig and 4 p.g/dish, respectively. To the 
suspension, 1 |lgDNA/5 ^1 equivalent of SuperFect transfection reagent 
were added and mixed. The mixture was allowed to stand at room 

10 temperature for 15 min and finally added to 3 ml of Opti-MEM containing 
3% FBS . After the cells were washed with a serum-free MEM, the mixture 
was added to the cells and the cells were cultured. After a 5 h culture, 
the cells were washed twice with a serum-free MEM, and cultured in 
MEM containing 40 Hg/ml AraC and 7.5 ^ig/ml trypsin. After cultured 

15 for 24 h, LLC-MK2/F7/A cells were layered at 8 . 5x 10 6 cells/dish, and 
further cultured in MEM containing 40 M-g/ml AraC and 7 . 5 |Xg/ml trypsin 
at 37°C for 2 days. These cells were recovered, the pellet was 
suspended in 2 ml/dish Opti-MEM, and P0 lysate was prepared by 
repeating 3 cycles of freezing and thawing. On the other hand, 10 

20 different clones were plated on 24-well plates, infected, at near 
confluency, with AxCANCre at m.o.i.=5, and cultured at 32 °C for 2 
days after the infection. These cells were transf ected with P0 lysate 
of SeV18 + /AM-GFP at 200 |ll/well each, and cultured using a serum-free 
MEM containing 40 ^ig/ml AraC and 7.5 M-g/ml trypsin at 32 °C. Spread 

25 of GFP protein due to SeVl 8 + /AM-GFP was observed with #18 and #62 
clones (Fig. 74) . Especially, the spread was more rapid with #62, 
which was used in subsequent experiments . Hereafter, as to the cells, 
those prior to the induction with AxCANCre are referred to as 
LLC-MK2/F7/M62 , and those after the induction which continuously 

30 express F and M proteins are referred to as LLC-MK2/F7/M62/A. 

Preparation of SeVl 8 + /AM-GFP was. continued using LLC-MK2/F7 /M62/A . 
cells, and, 6 days after the infection with P2 , 9 . 5x 10 6 , and, 5 days 
after the infection with P4 , 3 . 7x 10 7 GFP-CIU viruses were prepared. 

It is thought that, also in this experiment, the recovery of 

35 SeV18+/AM-GFP virus has become possible only because the technical., 
improvement, namely "culturing at 32 °C after the PI stage" as shown 
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in Example 27 was available. Supply of M protein trans from cells 
expressing the protein (LLC-MK2/F7 /M62/A) may be a cause for the 
recovery of SeV18+/AM-GFP , but the spread was extremely slow so as 
to be observed finally 7 days after the PI infection (Fig. 74) . That 
is, these results have supported that, also in the recons titution 
experiment of the virus, "culturing at 32 °C after the PI stage" is 
very effective in reconstituting SeV with an inferior 
transcription-replication efficiency or with a poor infectious virion 
forming efficiency. 

[Example 33] Productivity of SeV deficient in M gene 

Productivity aspect of this M gene-deficient virus was also 
investigated. LLC-MK2 /F7/M62/A cells were plated on 6-well plates 
and cultured at 37 °C. The cells which reached nearly confluence, were 
moved to the environment at 32 °C and, one day after, infected at 
m.o.i.=0.5 with SeV18+/AM-GFP . The culture supernatant was 
recovered over time to be replaced with a fresh medium. Supernatants 
thus recovered were assayed for CIU and HAU. Four to six days after 
the infection, the largest amount of viruses was recovered (Fig. 75) . 
Although HAU was maintained even 6 days or more after the infection, 
cytotoxicity was strongly exhibited at this point, indicating that 
this hemagglutination was caused by HA protein not originating in 
virus particles but by the activity of HA protein free or bound to 
cell debris. That is, it seems advisable to recover the culture 
supernatant by the fifth day after the infection for collecting the 
virus . 

[Example 34] Structural confirmation of M gene-deficient SeV . 

The viral gene of SeV18 + /Am-GFP was confirmed by RT-PCR, and 
the viral protein by Western-blotting. In RT-PCR, the virus at the 
P2 stage 6 days after the infection was used. In the RNA recovery 
from virus solution, QIAamp Viral RNA Mini Kit (QIAGEN, Bothell , WA) 
was used, and, in the cDNA preparation, Thermoscript RT-PCR System. 
(Gibco-BRL, Rockville, MD) was utilized. Both systems were performed 
by the methods described in the protocols attached to the kits. As 
the primer for cDNA preparation, the random hexamer supplied with 
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the kit was used. To confirm that the product was formed starting 
from RNA, RT-PCR was performed in the presence or absence of the 
reverse transcriptase. PCR was performed with the cDNA prepared 
above as the template using two pairs of primers: one combination 
of F3593 (5' -ccaatctaccatcagcatcags-3 ' /SEQ ID NO: 60) on the P gene 
and R4993 ( 5 ' -ttcccttcatcgactatgacc-3 ' /SEQ ID NO: 61) on the F gene, 
and another combination of F3208 (5' -agagaacaagactaaggctacc-3 ' / SEQ 
ID NO: 62) similarly on the P gene and R4993. As expected from the 
gene structure of SeV18+/AM-GFP , amplifications of 1073 bp and 1458 
bp DNAs were observed from the former and latter combinations, 
respectively (Fig. 76) . In the case of the reverse transcriptase 
being omitted (RT-) , no amplification of the gene occurred, and in 
the case of M gene being inserted in stead of GFP gene (pSeV18+GFP) , 
1400 bp and 1785 bp DNAs were amplified, respectively, clearly 
different in size from the results described above, supporting that 
this virus is of an M gene deficient structure . 

Confirmation in terms of protein was also performed by Western- 
blotting. LLC-MK2 cells were infected at m.o.i.=3 with SeV18 + /AM-GFP , 
SeV18+/AF-GFP and SeV18+GFP, respectively, and the culture 
supernatants and cells were recovered 3 days after the infection. 
The culture supernatant was centrifuged at 48,000 g for 45 ruin to 
recover viral proteins. After SDS-PAGE, Western-blotting was 
performed to detect proteins using the anti-M protein antibody , anti-F 
protein antibody, and DN-1 antibody (rabbit polyclonal) which mainly 
detects NP protein according to the method described in Examples 27 
and 28. Since, in cells infected with SeV18+/AM-GFP , M protein was 
not detected while F or NP protein was observed, it was also confirmed 
in terms of protein that this virus had the structure of SeV18 + /AM-GFP 
(Fig. 77) . In this case, F protein was not observed in cells infected 
with SeV18+/AF-GFP, while all the virus proteins examined were 
detected in cells infected with SeV18+GFP.- In addition, as to the 
virus proteins in the culture supernatant, very little amount of NP 
protein was observed in the case of infection with SeV18 + /AM-GFP , 
indicating that there was no or very little secondarily released 
virus-like particle. 




110 



[Example 3.5] Quantitative analysis concerning the presence or absence 
of secondarily released virus-like particles of M gene-deficient SeV 
As described in Example 34, LLK-MK2 cells were infected at 
m.o.i.=3 with SeV18+/AM-GFP , and the culture supernatant was 
5 recovered 3 days after the infection, filtered through an 0.45 |im 
pore diameter filter, and centrifuged at 48 , 000 g for 45 min to recover 
virus proteins, which were subjected to Western-blotting to 
semi-quantitatively detect virus proteins in the culture supernatant . 
As the control, samples, which had been similarly prepared from cells 

10 infected with SeV18+/AF-GFP , were used. Serial dilutions of 
respective samples were prepared, and subjected to Western-blotting 
to detect proteins using the DN-1 antibody (primarily recognizing 
NP protein) . The viral protein level in the culture supernatant of 
cells infected with SeV18 + /AM-GFP" was estimated to be about 1/100 

15 that of cells infected with SeV18+/AF-GFP (Fig. 78) . Furthermore, 
HA activities of the samples were 64 HAU for SeV18 + /AF-GFP versus 
<2 HAU for SeV18+/AM-GFP . 

Time courses were also examined for the same experiments. That 
is, LLC-MK2 cells were infected at m.o.i.=3 with SeV18+/AM-GFP , and 

20 the culture supernatant was recovered over time (every day) to measure 
HA activity (Fig. 79). Four days or more after the infection, HA 
activity was detected, though little. However, the measurement of 
LDH activity, an indicator of cytotoxicity, for the sample revealed 
a clear cytotoxicity caused 4 days or more after the infection in 

25 the SeV18 + /AM-GFP-inf ected cells (Fig. 80) , indicating a high 
possibility that the elevation of HA activity was not due to virus-like 
particles, but due to the activity by HA protein bound to or free 
from cell debris. Furthermore, the culture supernatant obtained 5 
days after the infection was examined using cationic liposomes , Dosper 

30 Liposomal Transfection Reagent (Roche, Basel, Switzerland) . That is, 
the culture supernatant (100 HI) was mixed with Dosper (12.5 |ll) , 
allowed to stand at room temperature for 10 min, and transf ected to 
LLC-MK2 cells cultured to confluency on 6-well plates. Inspection 
under a fluorescence microscope 2 days after the transfection revealed 

35 that many GFP-positive cells were observed in the supernatant of cells 
infected with SeV18+/AF-GFP which contained secondarily released 
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virus-like particles, while very few or almost no GFP-positive cell 
was observed in the supernatant of cells infected with SeV18 + /AM-GFP 
(Fig. 81) . From the above results, it was able to conclude that the 
secondary release of virus-like particles could be almost completely 
5 suppressed by the deficiency of M protein. 

[Example 36] Reconstitution of SeV deficient in both F and M genes 
Reconstitution of SeV deficient in both F and M genes 
(SeVl8 + /AMAF-GFP) was performed by the same method for* the 

10 reconstitution of SeV18 + /Am-GFP as described in Example 32. That is, 
LLC-MK2 cells were plated on 100-mm diameter Petri dishes at 5x 10 6 
cells/dish, cultured for 24 h, and then infected at m.o.i.=2 with 
PLWUV-VacT7 at room temperature for 1 h. Plasmids : pSeV18 + /AMAF— GFP , 
pGEM/NP, pGEM/P, pGEM/L, pGEM/F-HN and. pGEM/M were suspended in 

15 Opti-MEM at weight ratios of 12 Jig, 4 \iq , 2 |ig, 4 |lg, 4 ^g and 4 Jig/dish, 
respectively. To the suspension, 1 \Xg DNA/5 |ll equivalent: of 
SuperFect transfection reagent were added and mixed. The mixture was 
allowed to stand at room temperature for 15 min and finally added 
to 3 ml of Opti-MEM containing 3% FBS . After the cells were washed 

20 with a serum-free MEM, the mixture was added to the cells and the 
cells were cultured. After a 5 h culture, the cells were washed twice 
with a serum-free MEM, and cultured in MEM containing 40 Hg/ml AraC 
and 7.5 M-g/ml trypsin. After cultured for 24 h, LLC-MK2/F7/M62/A 
cells were layered at 8 . 5x 10 6 cells/dish , and further cultured in 

25 MEM containing 40 |lg/ml AraC and 7.5 |lg/ml trypsin at 37 °C for 2 days. 
These celis were recovered, the pellet was suspended in 2 ml /dish 
of Opti-MEM, and P0 lysate was prepared by repeating 3 cycles of 
freezing and thawing. On the other hand, LLC-MK2/F7/M62/A cells were 
plated on 24-well plates, moved, at near confluency, to the 

30 environment at 32 °C, and cultured for 1 day . These cells thus prepared 
were transfected with P0 lysate of SeV18 + /AMAF-GFP at 200 jui/well 
each, and cultured using a serum-free MEM containing 40 Jig/ml AraC 
and 7 . 5 |lg/ml trypsin at 32 °C. With P0 , well spread GFP positive cells 
were observed. With PI, a spread of GFP positive cells was also 

35 observed, though very weak (Fig. 82). In the case where 
LLC-MK2/F7/M62/A cells were infected with SeVl 8+/ Af-GFP or 
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SeV18+/AM-GFP , a smooth spread of GFP positive cells was observed 
with both viruses (Fig. 83) . Cells expressing both F and M 
(LLC-MK2/F7/M62/A cells) were infected with SeV18+/AF-GFP or 
SeVl8+/AM-GFP at m.o.i.=0.5. Three and six days later, sampling was 
5 carried out, and the sample was mixed with 1/6.5 volume of 7.5 % BSA 
(final concentration = 1%) and stored. Productivity of vectors was 
investigated by measuring the titers . As a result, SeVl 8 + / AF-GFP was 
recovered as virus solution of 10 8 or more GFP-CIU/ml and SeV18 + /AM-GFP 
was recovered as virus solution of lb 7 or more GFP-CIU/ml (Table 5) . 
10 That is, these results indicated that M and F, proteins can be supplied 
successfully from the cells. 



Table 5 





3 days after 


6 . days after 






infection 


infection 




SeV18+/AF-GFP 


1.0 x 10 8 


1.7 x 10 8 




S'eV18 + /AM-GFP 


1.0 x 10 7 


3.6 x 10 7 


GFP-CIU 



15 [Example 37] Helper cells improved to express SeV-F and M proteins 
In the case of using M and F-expressing LLC-MK2/F7/M62/A cells 
as helper cells, virus particles of both M— and F -deficient (M and 
F-deficient) SeV (SeV18 + MMAF-GFP) could not be recovered. However, 
it was possible to reconstitute and produce both F-deficeint SeV 

20 (SeV18+/AF-GFP) and M-def icient SeV (SeV18+/AM-GFP) , suggesting that 
the Cre/loxP expression inducing system in the helper cells is 
basically capable of trans supply of both M and F proteins. To 
effectively use the Cre/loxP expression inducing system and 
reconstitute both M- and F-deficient SeV, it was necessary to further 

25 increase amounts of M and F proteins expressed using this system. 

<1> Constitution of M and F expression plasmid 

To enable helper cells to simultaneously induce the expression 
of M and F proteins, the above-described LLC-MK2/F7/M62 cells that 
30 had been already prepared was improved by introducing M and F genes 
into these cells so as to function under the Cre/loxP expression 
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inducing system. Since pCALNdLw/F used for the F gene transduction 
carried the neo r geneand pCALNdLw/hygroM used for the M gene 
transduction carried the hygromycin resistance gene, a different 
drug resistance gene should be used for the additional genes to be 
5 introduced into the above cells. According to the scheme described 
in Fig. 84, the neo r gene of the F gene-carrying plasmid (pCALNdLw/F: 
pCALNdLw containing F gene at Swal site) was replaced with the Zeocin 
resistance gene. Namely, after pCALNdLw/F was digested with Spel and 
EcoT22I, a fragment (5477 bp) containing the F gene was separated 

10 by agarose electrophoresis, and the corresponding band excised from 
the gel was recovered using a QIAEXII Gel Extraction System. 
Separately, another pCALNdLw/F was cleaved with Xhol to recover a 
fragment (6663 bp) containing no neo r gene, which was further digested 
with Spel to recover a 1761 bp fragment. The Zeocin resistance gene 

15 was prepared by performing PCR using pcDNA3 . IZeo ( + ) (Invitrogen, 
Groningen, Netherlands) as a template and a pair of primers: zeo-5' 
(5 ' - T CTCGAG TCGCTCGGTACGatggccaagttgaccagtgccgttccggtgctcac-3 1 / 
SEQ ID NO: 65) and zeo-3' (5'- 

A ATGCAT GATCAGTAAATTACAATGAACATCGAACCCCAGAGTCCCGCtcagtcctgctcctcg 

20 gccacgaagtgcacgcagttg-3 » / SEQ ID NO: 66) . The PCR product was 
recovered using a QIAquick PCR Purification Kit followed by digestion 
with Xhol. and EcoT22I. pCALNdLw-zeoF was constituted by ligating 
these three fragments. Then, pCALNdLw— zeoM was constructed by 
recombining the . drug resistance gene-containing fragment of 

25 pCALNdLw/hygroM with the Xhol fragment containing the Zeocin 
resistance gene . 

<2> Cloning of helper cells 

Transfection was carried out using a Lipof ectAMINE PLUS reagent 

30 (Invitrogen, Groningen, Netherlands) as described below according 
to the method described in the attached protocol. LLC-MK2 / F 7 / M62 
cells were placed in 60-mm Petri dishes at 5 x 10 5 cells/dish., and 
cultured in D— MEM containing 10% FBS for 24 h. pCALNdLw-zeoF and 
pCALNdLw- z eoM (1 |Xg each, 2 ^lg in total) were diluted in D-MEM 

35 containing no FBS and antibiotics (total volume: 242 ^1) , and, after 
stirring, Lipof ectAMINE PLUS reagent (8 Jil) was added thereto. The 



resulting mixture was stirred and allowed to stand at room temperature 
for 15 min. Then, Lipof ectAMINE reagent (12 Hi) previously diluted 
in D-MEM containing no FBS and antibiotics (250 |ll in total) was added, 
and the mixture was allowed to stand at room temperature for 15 min. 
Furthermore, D-MEM (2 ml) containing no FBS and antibiotics was added, 
and, after stirring, the transfection mixture thus prepared was added 
to LLC-MK2/F7/M62 cells which had been washed once in PBS. After a 
3-h culturing at 37 °C in a 5% C0 2 incubater, D-MEM containing 20% FBS 
(2.5 ml) was added to the culture without removing the transfection 
mixture, and the cells were further incubated for 24 h. After the 
culture, cells were detached using trypsin, plated on 96-well plates 
at about 5 cells/well or 25 cells/well dilution, and cultured in D-MEM 
containing 10% FBS supplemented with 500 ^g/ml Zeocin (Gibco-BRL, 
Rbckville, MD) for about 2 weeks. A clone which had propagated from 
a single cell was cultured to expand to a 6-well culture plate. 
Ninety-eight clones in total thus prepared were analyzed in the 
following. 

Ninety-eight clones thus obtained were semi-quantitatively 
analyzed for expression levels of M and F proteins by Western blotting. 
Each clone was plated on 12-well plates, and, at its nearly confluent 
state, infected at m. o . i . = 5 with a recombinant adenovirus expressing 
Cre DNA recombinase (AxCANCre) diluted in MEM containing 5% FBS 
according to the method of Saito et al . (Saito, I. et al . , Nucl . Acid. 
Res. 23, 3816-3821 (1995); Arai, T. et al . , J. Virol. 72, 1115-1121 
(1998) ) . After culturing at.32°C for 2 days, the culture supernatant 
was removed. The cells were washed once with PBS, detached using a 
scraper, and recovered. After performing SDS-PAG.E by applying 1/5. 
amount of the cells thus recovered per lane, Western-Blotting was 
carried out using the anti-M antibody and anti-F antibody (£236: 
Segawa, H. et al., J . Biochem. 123, 1064-1072 (1998)). Among the 98 
clones analyzed, results of 9 clones are shown in Fig. 85. 

[Example 38] Reconstitution of SeV deficient in both M and F genes 
Reconstitution of SeV deficient in both M and F genes 
(SeV18+/AMAF-GFP) was carried out and the assessment of clones 
described in Example 37 was confirmed. That is, it was assessed 




whether the recons titution of SeV18+/AMAF-GFP could be achieved using 
PO lysate (lysate of transfected cells) . PO lysate was prepared as 
follows. LLC-MK2 cells were plated on 100-mm diameter Petri dishes 
at 5 x 10 6 cells /dish , cultured for 2 4 h , and then infected at m . o . i . 
5 = 2 with PLWUV-VacT7 at room temperature for 1 h. Plasrnids 
pSeV18 + /AMAF-GFP , pGEM/NP , pGEM/P, pGEM/L, pGEM/F-HN and pGEM/M were 
suspended in Opti-MEM at weight ratios of 12 Mg, 4 Jig, 2 \lg , 4 - jig, 
4 \xg and 4 jug/dish, respectively. SuperFect transfection reagent 
(1 |ig DNA/5 Ml equivalent) was added to the suspension and mixed. The 

10 mixture was allowed to stand at room temperature for 15 min and -added 
to 3 ml of Opti-MEM containing 3% FBS . After the cells were washed 
with a serum-free MEM , the mixture was added to the cells and cultured. 
After a 5-h culturing, the cells were washed twice with a serum— free. 
MEM and cultured in MEM containing 40 |lg/ml AraC and 7 . 5 fig/ml trypsin . 

15 After culturing for 24 h, LLC-MK2 / F 7 / A cells were layered at 8 . 5x 
10 6 cells/dish, and these cells were further cultured in MEM containing 
40 pg/ml AraC and 7.5 fig/ml trypsin at 37 °C for 2 days . These cells 
were recovered, the pellet was suspended in 2 ml/dish Opti-MEM, and 
PO lysate was prepared by repeating 3 cycles of freezing and thawing. 

20 Separately, newly cloned cells were plated on 24-well plates, 
infected, at near confluency, with AxCANCre atm.o.i. = 5, and cultured 
at 32 °C for 2 days after the infection. These cells were transfected 
with PO lysate of SeV18 + /AMAF-GFP at 200 |Hl/w.ell each, and cultured 
using a serum- free MEM containing 40 Hg/ml AraC and 7.5 Hg/ml trypsin 

25 at 32 °C, Spread of GFP protein was observed in 20 clones examined, 
indicating the successful recovery of M and F-deficient SeV. Results 
of virus reconstitution in several clones among those examined are 
shown. inFig. 86. Especially, in the clone #33 (LLC-MK2/F7/M62 / #33) , 
infectious virions having the titer of 10 8 GFP-CIU/mL or more were 

30 recovered at its p3 stage (passaged three times) , indicating- that 
this clone is highly promising as a virus producing cell. These 
results reveal that the introduction of both M and F genes into 
LLC-MK2/F7/M62 cells successfully prepared cells from which M and 
F-def icient SeV can be recovered at a high frequency . It is considered 

35 that the original LLC-MK2/F7/M62 cells expressed M and F proteins 
at a sufficient level , and that the recovery of M and F-def icient 




SeV has become possible by introducing both M and F genes into the 
cells , thereby slightly raising the M and F protein expression levels . 

[Example 39] Virus productivity from M and F-deficient SeV 

The virus productivity of this M and F-deficient SeV was also 
investigated. LLC-MK2/F7/M62/#33 cells were placed in 6-well plates 
and cultured at 37 °C. The cells at near confluency were infected at 
a MO I of 5 with AxCANCre (LLC-MK2./F7/M62/#33/A) , and cultured at 32 °C 
for 2 days after the infection. Then, the cells were infected at a 
MO I of 0.5 with SeV18 + /AMAF-GFP , and the culture supernatant was 
recovered at intervals and replaced with a fresh medium. 
Supernatants thus recovered were examined for their CIU and HAU . On 
and after the second day. of infection, viruses having the titer of 
10 8 ClU/ml or more were continusouly recovered (Fig. 87) . 
Furthermore, the time-course changes in CIU and HAU were parallel 
to each other, and most of virus particles produced had infectivity, 
indicating the efficient virus production. 

[Example 40] Confirmation of the structure of M gene- andF 
20 gene-deficient SeV 

The viral gene of SeV18 + /AMAF-GFP was confirmed by RT-PCR, and 
the viral protein by Western-blotting. In RT-PCR, the virus at the 
P2 stage 5 days after the infection (P2d5) was used. RNA was recovered 
from virus solution using QIAamp Viral RNA Mini Kit (QIAGEN, Bothell , 
25 WA) , and cDNA preparation and RT-PCR, was performed using Superscript 
One-Step RT-PCR System (Gibco-BRL, Rockville, MD) , according to the 
methods described in the attached protocols. PCR was performed 
using, as the primer for cDNA preparation and RT-PCR, two pairs of 
primers: one combination of F3208 (5 ' -agagaacaagactaaggctacc-3 1 /SEQ 
30 ID NO: 62) on the P gene and GFP-RV 

(5 * -cagatgaacttcagggtcagcttg-3 ' /SEQ ID NO: 67) on the GFP gene, and 
another combination of said F3208 and . R6823 

(5 ' -tgggtgaatgagagaatcagc-3 ' /SEQ ID NO: 68) on the HN gene. As 
expected from the gene structure of SeV18 + /AMAF-GFP , amplifications 
35 of 644 bp and 1495 bp DNAs were observed from the former and latter 
combinations (Fig. 88) . Furthermore, from SeV18 + /AM-GFP and 
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SeV18+/AF-GFP , genes in size expected from their respective 
structures were amplified, and their sizes were clearly different 
from those obtained from SeV18+/AMAF-GFP , supporting that 
SeVl8+/AMAF-GFP lacks both of M and F genes. 
5 This was also confirmed by the protein level by 

Western-blotting. LLC-MK2 cells were infected at m.o.i.=3 with 
SeV18 + /AMAF-GFP, SeV18 + /AM-GFP , SeV18 + /AF-GFP and SeV18+ GFP , and the 
cells were recovered 2 days after the infection. After SDS — PAGE, 
Western-blotting was performed according to the method described in 

10 Examples 27 and 28 to detect proteins using the anti-M antibody, anti-F 
antibody, and DN-1 antibody (rabbit polyclonal) that mainly detects 
NP protein. In cells infected with SeV18+/AMAF-GFP , both M and F 
proteins were not detected while NP protein was observed. Thus , the 
protein level examination also confirmed the structure of 

15 SeV18 + /AMAF-GFP (Fig. 89) . In this experiment, F protein was not 
observed in cells infected with SeV18+/AF -GFP, and M protein was 
not observed in cells infected with SeV18 + /AM-GFP , while all the viral 
proteins examined were detected in cells infected with SeV18+GFP. 

20 [Example 41] Quantitative analysis of the presence or absence of 
secondarily released particles of SeV deficient in M- and F- genes 
Time courses were also examined for the same experiments. 
Specifically, LLC-MK2 cells were infected at m.o.i.=3 with 
SeV18+/AMAF-GFP , and the culture supernatant was recovered over time 

25 (everyday) to measure HA activity (Fig. 90). Four days or more after 
the infection, very little HA activity was detected. This elevation 
of HA activity was thought to be probably not due to virus-like 
particles, but due to HA protein bound to or free from cell debris, 
similar to the case of SeV18+/AM-GFP . Furthermore, the culture 

30 supernatant obtained 5 days after'the infection was examined using 
cationic liposomes, Dosper Liposomal Transfection Reagent (Roche, 
Basel, Switzerland) . Specifically, the culture supernatant (100 ^11) 
was mixed with Dosper (12.5 JU) , allowed to stand at room temperature 
for 10 min. The resulting mixture was used to transfect LLC-MK2 cells 

35 cultured to confluency on 6-well plates. Inspection under a 
fluorescence microscope 2 days after the transfection revealed that 
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many GFP-positive cells were observed for the supernatant of cells 
infected with SeV18+/AF-GFP which contained secondarily released 
particles, while very few or almost no GFP-positive cell was observed 
for the supernatant of cells infected with SeV18+/AMAF-GFP (Fig. 91) . 
5 This result indicates that the cells transfected with SeV18 + /AMAF-GFP 
contains almost no secondarily released virus particles. 

[Example 42] Viral infectivity of M and F-deficient SeV and 
M-deficient SeV (in vitro) 
10 Efficiency of introduction of gene, transfer vector into 

non-dividing cells and intracellular expression efficiency are. 
important and essential for the assessment of the capability of the 
vector. 

Primary cultures of rat cerebral cortex nerve cells were 

15 prepared by the following method. Pregnant SD rat was anesthesized 
by ether and decapitated on the 17 th day after conception. After 
disinfecting the abdomen with isodine and 80% ethanol, the uterus 
was transferred into a 10-cm Petri dish, and the fetus (embryo) was 
taken out. Next, the scalp and cranial bone of fetus were cutwith 

20 a pair of IN0X5 tweezers, the brain was picked up and collected in 
a 35-mm diameter Petri dish. Portions of the cerebellum and brain 
stem were removed with a pair of oculist scissors, the cerebrum was 
divided into hemispheres, the remaining brain stem was removed, 
olfactory bulb was taken out with a pair of tweezers, and then the 

25 meninx was removed also using a pair of tweezers. Finally, after the 
removal of diencephalon and hippocampus using a pair of oculist 
scissors, the cerebral corex was collected in a Petri dish, cut: into 
small pieces with a surgical knife, and collected into a 15-mm 
centrifuge tube. The cortex was treated with 0.3 mg/ml papain at 37 °C 

30 for 10 min, treated in a serum-containing medium (5 ml) , and washed. 
The cells were then dispersed. The cells were strained through a 70-|lm 
strainer, collected by centrif ugation , dispersed by gentle pipetting , 
and then counted. The cells were placed in poly-L-lysine 
(PLL) -coated 24-well culture plates at 2 x 10 5 or 4 x 10 5 cells/well, 

35 and, 2 days after seeding, infected at MOI of 3 with M and F-deficient 
SeV (SeVl8 + /AMAF-GFP) and M-deficient SeV (SeV18 + /AM-GFP) . 
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Thirty-six hours after the infection, the cells were immmno-stained 
with the nerve cell-specific marker MAP2 , and infected cells were 
identified by merging with GFP-expressing cells (SeV-inf ected cells) . 

Immunostaining with MAP2 was carried out as follows. After 
5 infected cells were washed with PBS, the cells were fixed wiizh 4%. 
paraformaldehyde at room temperature for 10 min, washed in PBS , and 
then blocked using PBS containing 2% normal goat serum at room, 
tempearture for 60 min. Next, the cells were reacted with a 1/200 — fold 
diluted anti-MAP2 antibody (Sigma, St. Louis, MO) at 37 °C for 30 min, 

10 washed with PBS, and then reacted with a 1/200-fold diluted secondary 
antibody (goat anti mouse IgG Alexa5 6 8 : Molecular Probes Inc . , Eugene, 
OR) at 37°C for 30 min. After the cells were washed with PBS, 
fluorescence intensity of the cells was observed under a fluorescence 
microscope (DM IRB-SLR: Leica, Wetzlar, Germany). 

15 In both M and F-deficient SeV (SeV18+/AMAF-GFP) and M-deficien't 

SeV (SeV18 + /AM-GFP) , almost all MAP2-positive cells were GFP-pos itive 
(Fig. 92) . That is, nearly all the prepared nerve cells were 
efficiently infected with SeV, confirming that both M and F-def:Lcient 
SeV and M-deficient SeV are highly effectively introduced into 

20 non-dividing cells and expressed the transgenes 

[Example 43] Viral inf ectivity of M and F-deficient SeV and 
M-deficient SeV (in vivo) 

M and F-deficient SeV (SeV18'+/AMAF-GFP) and M-deficient SeV 

25 (SeV18 + /AM-GFP) , whose in vivo infectivity was evaluated as described 
above, (5|ll) ( 1 x 10 9 p . f . u . /ml) were intraventricularly administered 
into the left ventricle of a gerbil using the stereo method. Two days 
after the administration, the brain was surgically excised to prepare 
frozen sliceis. These slices were observed under a fluorescence 

30 microscope to examine the presence or absence of infection based on 
the fluorescence intensity of GFP . By the administration of tooth M 
and F-deficient SeV (SeV18+/AMAF-GFP) and M-deficient SeV 
(SeV18 + /AM-GFP) , many GFP-positive cells were observed among cells 
in both left and right ventricles, such as ependymal cells (Fig . 93) . 

35 This result confirmed that both M and F-deficient and M-deficient 
SeVs enables efficient gene transfer and expression of the transgene 
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in vivo . 

[Example 44] Cytotoxicity of M and F-deficient SeV and M-deficient 
SeV 

5 Viral cytotoxcity was assessed using CV-1 and HeLa cells in 

which SeV inf ection-dependerit cytotoxicity could be observed. As a 
control, cytotoxicity of SeV having replicability (wild "type: 
SeV18+GFP) and F-deficient SeV. (SeV18+/AF-GFP) was also measured. 
Experimental procedures are described in detail below. CV-1 cells 

10 or HeLa cells were placed in 96-well plates at 2.5 x 10 4 cells /well 
(100 pi/well) and cultured. MEM containing 10% FBS was used for 
culturing both cells. After culturing for 24 h, the cells were 
infected by adding at 5 Hi /well a solution of SeVl 8+GFP , 
SeV18+/AF-GFP, SeV18+/AM-GFP or SeV18+/AMAF-GFP diluted with MEM 

15 containing 1% BSA , and, 6 h later, the culture medium containing the 
virus solution was removed, and replaced with MEM medium containing 
no FBS. Three days after the infection, the culture superntant was 
sampled, and the cytotoxicity was quantified using a Cytotoxicity 
Detection Kit (Roche, Basel, Switzerland) according to the method 

20 described in the instruction attached to the kit. Comparing to SeV 
having the replicability, deficiency in M or F gene attenuated 
cytotoxicity, (as in SeV18+/AF-GFP and SeV18+/AM-GFP) , and deficiency 
in both genes (as in SeV18+/AMAF-GFP) additively attenuated 
cytotoxicity (Fig. 94) . 

25 As described above, "M and F-deficient SeV vector" that has been 

successfully reconstituted for the first time in the present 
invention, has the infectivity against a variety of cells including 
non-dividing cells, contains almost no secondarily released virus 
particles, and, furthermore, has attenuated cytotoxicity . Thus, the 

30 vector of this invention can be a gene transfer vector with a. wide 
range of applicability. 

Industrial Applicability 

The present invention provides envelope gene-deficient 
35 paramyxovirus vectors. The present invention establishes a 
practical, novel, envelope gene-deficient vector system based on a 
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negative-strand RNA virus for the first time. The achievement . in 
recovering infectious deficient virus particles from cDNA of F 
gene-deficient, M gene-deficient, and FHN gene-deficient genome and 
so on using helper cells, paved the way for the research and 
5 development of novel vectors for gene therapy, taking advantage of 
the excellent characteristics of the Sendai virus. The deficient 
type Sendai virus vector in the present invention is capable of 
introducing a gene into various cell types with an extremely high 
efficiency and expressing the exogenous gene at a phenomenally high 

10 level. Furthermore, the vector is expressed in infected cells 
persistently, and is a highly safe vector that completely lacks the 
capability to cause virus propagation, since it does not release 
secondary infectious virus particles. The vector provided by the 
present invention is expected to be. variously applied as a vector 

15 for in vivo and ex vivo gene therapy. 
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CIAIMS 

1. A paramyxovirus vector comprising a complex comprising (a) a 
paramyxovirus-derived negative-strand single-stranded RNA modified 

5 not to express at least one envelope protein of paramyxoviruses, and 
(b) proteins that bind to said negative-strand single-stranded RNA. 

2. The vector according to. claim 1, wherein the negative-strand 
single-stranded RNA expresses NP protein, P protein, and L protein, 
and is modified not to express F, HN, or M protein, or any combination 

10 thereof . 

3. The vector according to claim 1, comprising at least one of the 
envelope proteins whose expression was suppressed in the modified 
negative-strand single-stranded RNA. 

4. A vector according to claim 1, comprising VSV-G protein. 

15 5. A vector according to claim 1, wherein the negative-strand 
single-stranded RNA is derived from Sendai virus. 

6. A vector according to claim 1, wherein the negative-strand 
single-stranded RNA further encodes an exogenous gene. 

7. A DNA encoding negative-^strand single-stranded RNA comprised in 
20 a vector according to any one of claims 1 to 6 , or the complementary 

strand thereof. 

8. A method for producing a vector according to claim 1, comprising 
the following steps of: 

(a) expressing vector DNA encoding a paramyxovirus-derived 
25 negative-strand single-stranded RNA modified not to express at least 

one envelope protein of paramyxoviruses, or the complementary strand, 
by introducing into cells expressing at least one envelope protein, 

(b) culturing said cells, and, 

(c) recovering the virus particles from the culture supernatant. 
30 9. A method for producing a vector according to claim 1, comprising 

the steps of, 

(a) introducing, a complex comprising a paramyxovirus-derived 
negative-strand single-stranded RNA modified not to express at least 
one envelope protein of paramyxoviruses, and a protein binding to 
35 said negative-strand single-stranded RNA, into cells expressing at 
least one envelope protein, 



(b) culturing said cells, and, 

(c) recovering virus particles from the culture supernatant. 

10. The method according to claim 8 or 9 , wherein the cell culture 
in (b) is a co-culture with cells expressing at least one envelope 
protein. 

11. The method according to claim 8 or 9 , wherein cells expressing 
at least one envelope protein are overlaid to said cells in cell 
culture in (b) . 

12. The method of claim 8 or 9 , wherein the cell culture is carried 
out at 35°C or less. 

13. A method according to claim 8 or 9, wherein at least one envelope 
protein expressed by the cells is identical to at least one envelope 
protein whose expression is suppressed in the negative-strand 
single-stranded RNA described above. 

14. A method according to claim 8 or 9, wherein at least one envelope 
protein expressed by the cells is VSV-G protein. 
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V. 

ABSTRACT 

F gene-deficient virus virions are successfully recovered by- 
using an F gene-deficient Sendai virus genomic cDNA . Further, F 
5 gene-deficient infectious viral particles are successfully 
constructed by using F-expressing cells as helper cells . Also , F gene 
and HN gene-deficient virus virions are successfully recovered by 
using a virus genomic cDNA deficient in both F gene and HN gene. 
Further, F gene and HN gene-deficient infectious viral particles are 

10 successfully produced by using F- and HN-expressing cells as helper 
cells. A virus deficient in F gene and HN gene and having F protein 
is constructed by using F-expressing cells as helper cells. In 
addition, M gene-deficient infectious virus particles were produced 
using helper cells expressing M protein. From cells infected with 

15 M gene-deficient viruses, release of virus-like particles was 
inhibited. Further, a VSV-G pseudo type virus is successfully 
constructed by using VSV-G-expressing cells. Techniques for 
constructing these deficient viruses contribute to the development 
of vectors of Paramyxoviridae usable in gene therapy. 
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